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foreword 



The secretary of health, education, and welfare, John W. 
Gardner, has said that maintaining the quality of the human environ- 
ment "is potentially the most important technological challenge of our 
age." This challenge will go unmet as long as efforts to dispose of solid 
wastes continue to cause extensive environmental pollution, place an in- 
credible economic burden on the people of the United States, and con- 
tribute to the spread of a host of human illnesses. 

Any one of these reasons would be sufficient to dictate a concerted 
national effort to improve solid waste disposal practices. But the fact that 
the health of the American people is seriously and needLssly threatened 
makes imperative the requirement that the solid waste problem be brought 
under lasting control. 

It is my hope that this report, which attempts to summarire the 
current scientific knowledge of the health implications of solid waste dis- 
posal, will prove to be a landmark on the road toward safe and sanitary 
solid waste management. I hope that it will stimulate the additional re- 
search needed to close the gaps in present knowledge of solid waste disease 
relationships and that it will motivate scientists and others concerned with 
protection of the public health to turn their attentions to this vitally im- 
portant health problem. 

—Richard A. Prindle 
Autitant Surgeon General 
Director , bureau of disease prevention 
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preface 

Tins is a report of a comprehensive I item lure survey of the public health as|>ects 
or disease relationships of solid wastes. 

'1’ho study was conducted by the Life Systems Division of Aerojet-General Cor- 
l>orntioii, Azusa, California, under a contract with the Solid Wastes Program, United 
States Public Health Service. The study was directed by Thrift G. Hanks, M.t>.. who pre- 
pared the body of the report. Although there is a paucity of past work on the etiologic 
factors of solid waste, an attempt has been made to cover the field comprehensively enough 
to meet the needs of public health practitioners. 

No single treatise in the past has attempted to correlate the available information 
os to various diseases directly or indirectly related to solid wastes. Such a work is obvi- 
ously desirable because of the complexity ot the solid waste/ public health interface. 

The facts brought together in this volume are widely scattered in literature and 
many of them weie difficult to obtain. Although a logical plan was followed in deciding 
what to include in the report, many of its postulations and conclusions admittedly arc 
difficult to uphold by documentation. There is no guarantee that all |>crtinent literature 
was retrieved, but there is a fair guarantee that documents representative of the total 
pertinent data were reviewed so as to give a reasonably valid statement of known rela- 
tionships and of suspected or possible relationships as well as of lack of relationships. As 
a result, this document is an excellent and useful literature review. 

The authors have not limited the text strictly to solid waste. ’• t have drawn ujwn 
data from other etiologic modes in order to arrive at possible connections of solid waste and 
its by-products to disease transmission. Their inability to present a “proof |>ositive" 
solid waste/ disease relationship stems from the fact that our present state of knowledge 
is not sufficiently standardized to make possible the preparation of a concise account of 
the subject. The problem of identifying direct health effects is not unique for solid wastes, 
but occurs throughout the field of environmental health. However, the iroslulations made 
fil'd the evidence cited in support provide potential means for interpretation of waste/ 
disease relationships via different pathways and also enable the health worker to identify 
areas where more extensive research in the disease aspects of solid wastes is needed, particu- 
larly from the viewpoints of epidemiology, etiology, pathology, symptomatology, and pre- 
vention. 

Mr. Ralph J. Black, Assistant Chief of the Solid Wastes Program, served as the 
project officer of this study. 



— Leo Weaver, Chief 
Solid U’osfcs Program 

NATIONAL CENTER EO t JR BAN AND INDUSTRIAL HEALTH 
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tills report has been submitted to the Solid Wastes Program of the United States 
Public Health Service in partial fulfillment of contract no. ph 86-66*151 which was per- 
formed during the period 15 June to 16 December, 1966. The report proper is contained 
in this volume, Volume I. 

A list of references as prepared by the contractors follows immediately after th? body 
of the report. Volume I also contains three appendixes. Appendix A is entitled Reteareh, 
Appendix B is called Solid Wattei Sourcet and Constituentt, and Appendix C is desig- 
nated De$criptor Glottory. The annotated bibliography in the separate, unpublished vol- 
umes (Volumes II through V) has been microfilmed by University Microfilm Company, 
Ann Arbor, Michigan, who will be sole distributors. 
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INTRODUCTION 

it is fortunate that persons concerned with public health have acted to control 
disease without waiting for the discovery of “ultimate scientific truth”. Only now are 
some of the ecologic and epidemiologic details being established to justify essential public 
health measures instituted decades ago. Nevertheless “guilt by association” between solid 
waste and disease does not provide the kind of foundation needed to provide scientific 
data upon which public health directors, sanitary engineers, government officials, and the 
voting and participating public may act with confidence and a minimum of dispute in 
dealing with the enormity of the solid wastes problem in the United States. 

The assigned purpose of this study, therefore, has been to review with reasonable 
thoroughness the scientific literature reporting any relationships between disease and the 
solid wastes generated by the activities of man. Thus the direction of this study has been 
epidemiologic in nature, and its methods have been based on the requirements of epidem- 
iologic validation. 

Theoretically, if all etiologic factors are present in a requisite quantitative and 
sequential manner, a necessary and sufficient climate for disease will exist, and the disease 
process may result. Any chain or cycle of events between agent and host, and within the 
pattern of the disease, must be unbroken. Each link must be firmly established by re- 
producible observations. Proven demonstration of solid waste/disease relationships is 
hampered by: the complexity of solid wastes components; the biologic and chemical 
changes that occur in wastes under widely varying conditions of storage, handling, treat- 
ment, and disposal; and the intricate pathways that may underline human exposure and 
disease. There is also the frequent need to isolate one among other possible etiologic 
modes, so that if there is a relationship the association may be hidden by more readily 
demonstrable, plausible, and significant etiologic mechanisms. 

Despite these difficulties, the literature contains a number of statements implying 
or averring that significant connections between solid wastes and human disease exist. 
But the dearth of explicit relationships found at the start of the study led to a need to 
postulate the essential links, then to attempt to determine such connections as might 
be indicated by isolated published observations, and finally to the attempt to establish or 
exclude each linkage in an epidemiologically ratisfactory manner. Some of the postula- 
tions are diagrammed in the text of this report. Each postulated solid waste/disease rela- 
tionship is presented as follows: First, a general statement on the disease under consid- 
eration; second, a postulation on its association with wastes; third, the evidence found in 
the literature supporting this postulation; fourth, discussion of the evidence; fifth, conclu- 
sions relating to the disease/waste association and to possible projections of the observa- 
tions; sixth, recommendations for research or other activities. 

We do not apologize for some of the extensive explorations carried out in pursuit 
of solid waste/ disease relationships. Essentially, each search was based on a published 
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statement or opinion that a relationship could, or did, exist, and only by thorough exam- 
ination could we test the validity of such a statement. At times the examination required 
an investigation of evidence pertaining to factors seemingly unrelated to solid wastes in 
order to infer chance or indirect contributions of solid wastes to the spectrum and inci- 
dence of disease. 

It should not be surprising that so much opinion and so little data were discovered 
in this study. The complexity of the subject matter, the obscurity of disease pathways, 
and the absence of reliable methods contributed to the paucity of scientific information in 
this area. Tradition and teaching dating back half a century, however, have tended to fix 
certain beliefs for which valid demonstration has only recently been established. Yet de- 
spite any shaky foundations in older public health lore, we may well be grateful that our 
pioneers in public health acted on limited data and much intuition. We are a healthier 
*'°.tion for it. The lesson may help to support the initiation of action in our present prob- 
lems concerned with the management of solid wastes before all demands for proof positive 
are met. 
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RATIONALE AND METHOD 

A literature searck involving solid waste and disease relationships imposes a 
choice of primary descriptors, in that the selection of the universe of published disease 
processes would overwhelm the searchers. It was therefore decided that the term waste 
and its synonyms and near-synonyms would be used as the primary search terms, while 
postulated or cited disease and other descriptors would serve as secondary search terms. 

A sampling of literature indexes was made. This involved use of the initial terms 
arrived at by the description of the study, and the experience of the study personnel. An 
expansion of the initial descriptor list was then prepared from the terms found under the 
cross-indexing of che indexes. A cyclical search plan was set up and extended to include 
activities leading to a final report. The resultant survey plan is shown in Figure 1. 




In support of the search, postulated waste/disease relationships were diagrammed. 
A few of these diagrams are contained in the report (Figures 2 through 6). 

It was evident that a statistically random sampling of the literature could not be 
relied on to discover a sufficiently inclusive selection of existing references to satisfy the 
intent of the search. Instead, a screening of titles was used for which the descriptors were 
chosen to match each link of the postulated connections between waste and disease. Since 
a priori construction of all links was not possible, some repetitive searching of indexes was 
necessary. However, the method tended to limit the number of titles. On the other hand, 
a sample title search, using a postulated disease alone as the descriptor, resulted in no 
selections from approximately 11,000 titles. 

More than 200,000 titles were screened before tabulations were discontinued. It is 
estimated that approximately 350,000 titles in all were scanned for selection. When pos- 
sible, initially selected titles were further screened by examination of the abstracts before 
final selection was made. The indexes used were Index Medicas, Chemical Abstracts, 
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Biological Abstracts, Applied Science & Technology, Engineering Index, International 
Abstracts of Biological Sciences, Industrial Arts Index, Psychological Abstracts, Annual 
Review of Psychology, and Readers Guide to Periodical Literature. 

From an original list of 1,727 selected titles, 1,236 were received, read, and ab- 
stracted. The remainder were either not available or were cancelled when circumstance, 
directed. (Translation of Slavic literature was not available, for example.) The physical 
method used for abstracting was ‘highlighting’ by colored ink, with broad felt pens to 
mark material for typing. Although this method did not always provide smooth sequenc- 
ing of quotations, it did permit a time saving of at least twenty-fold over written abstrac- 
ing, and five- to ten-fold over dictation. 

From the perused 1.236 articles, books, reports, proceedings, and other sources, 764 
abstracts were chosen for reference and inclusion in the annotated bibliography. We be- 
lieve that the pertinent literature retrievable by feasible search methods and descriptor 
usage has been identified, either in the referenced material or through its citations insofar 
as the basic purpose of the study is concerned. No pretense is made that all, however, or 
even the key, literature relating to important or perhaps crucial aspects of the ecology 
and epidemiology of the disease, vectors, or hosts in question has been identified. 

As a check against the manual methods used in this study, the National Library 
of Medicine was asked to use its medlars system to retrieve solid waste/ disease informa- 
tion. It should be noted that through this source there was access to data indexed only 
after 1963. With the use of descriptors supplied from this study, a computer run was made 
on all available literature (477,000 titles). From this run, 195 references were recovered. 
Unfortunately, these references were not available in time to obtain and study the articles 
not duplicated in the manual study. Since only 27 references were duplicated, however, 
the relevancy of the remaining 168 is unknown and should be determined. Correlation 
of the references obtained by the two methods would appear of fundamental importance 
to any retrieval system to be proposed for solid waste information. 

A third requirement dealing with hazards of sanitation workers is discussed in the 
section on safety in this report. 
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SUMMARY AND CONCLUSIONS 

the literature fails to supply data which would permit a quantitative estimate 
of any solid waste/disease relationship. The circumstantial and epidemiologic informa- 
tion presented does support a conclusion that, to some diseases, solid wastes bear a 
definite, if not well defined, etiologic relationship. The diseases so implicated are infec- 
tious in nature; no relationship can be substantiated for noncommunicable disease agents 
associated with solid wastes, not because of negating data, but because of lack of data. 
(An exception to this statement may exist in the instance of methemoglobinemia of 
infants in which nitrates of excretory origin may play a part.) 

The communicable diseases most incriminated are those whose agents are found 
in fecal wastes — particularly human fecal wastes. Where these wastes are not disposed 
of in a sanitary manner, the morbidity and mortality rates from fecal-borne diseases in 
the population are high. Despite the fact that other factors are known to contribute to 
some reduction of these rates, the inescapable conclusion is that the continued presence 
in the environment of the wastes themselves is the basic causative facto -. Therefore 
transmission — whether by direct contact, vector transfer, or indirect contact — is due 
to environmental contamination by these wastes. 

Flies are carriers of many disease agents, however, and fly-control experiments in- 
dicate that they are significant transmitters of shigellosis (bacillary dysentery). The 
known ability of fly vectors to proliferate enormously in organic wastes, to contaminate 
themselves in fecal wastes, and then to contaminate man or his environment, incriminate 
the fly as a secondary hazard. The wastes from which the fly arises, or by which it is 
contaminated, thus constitute the primary hazard. In other words, any solid waste which 
promotes fly propagation will contribute to the incidence of a disease when the agent 
of that disease is available to th3 fly, and when other conditions of transmission (for 
example, the ability of the fly to transmit the agent, proximity of flies to hosts, dosage 
factors) are satisfied. Since these contributory conditions may vary significantly from 
place to place and from human population to human population, the definitive factor must 
be the domestic fly population, which in turn is largely regulated by the breeding oppor- 
tunities afforded by numerous solid wastes. 

The importance of solid wastes to mosquito-borne disease is far less clear. The 
relative contribution of solid waste-bred as opposed to that of other media-bred mosquitos 
has not been studied. The inference to be drawn from available information is that, under 
certain circumstances (see section on mosquito-borne disease), the presence of breeding 
places provided by solid wastes could contribute to dissemination of a disease agent in a 
human population, although to an unknown degree. 

At this time, few human cases of rodent-borne zoonoses are being reported in the 
United States. No recent data were found bearing on the relative importance between 
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solid wastes and other media in contributing to domestic rat populations, thus incidence 
of the reported zoonoses cannot be estimated in relation to solid wastes. Human plague 
experienced in recent years in this country seems to be totally of direct sylvatic origin. 
The importance of the domestic rat in the few reported cases of leptospirosis cannot be 
judged because of insufficient epidemiologic data. The direct origin of the leptospirae 
responsible for human infection were largely of bovine or other domestic animal origin. 
The further tracing of the organisms to rats was not accomplished (see rodent-borne dis- 
ease section). Other solid waste/disease relationships must remain speculative pending 
far more definitive studies. Because of the low level of incidence of a number of diseases 
for which a relationship could be postulated, it would appear that there is little hope of 
obtaining data sufficient for analysis in this country, and that applicable studies would 
have to be made on foreign populations if a more valid comprehension of an association 
is to be made. 

The fact, however, that much basic and many 'tag ends’ of research attesting to 
specific relationships or their degree have not been carried out should not serve as an 
excuse for failure to act. It is known that insanitary disposal of fecal and food wastes 
is a cause of disease in this country. It may or may not be economically sound practice 
to investigate disease transmission under various waste and water treatment methods 
before undertaking large treatment projects. But in any case it does not appear to be 
sound practice to delay the installation of sanitary toilets and water supplies pending the 
outcome of such research. 

So little is known about the kinds and degrees of contamination of the human 
environment by industrial and other chemical wastes, and the impact of trace amounts 
of such materials on human health, that their relationships to health remains essentially 
unexplored. This entire field is open to investigation; the implications for the research 
effort, of course, are as broad as the gap in knowledge. 

One rather puzzling finding is the high accident frequency rates among sanitation 
workers (see section on safety). This warrants study of this population to explore 
reasons for these rates and to estimate the public health risk of solid wastes factors 
encountered in the study of this group, who have a more intimate exposure than the 
general public to disease agents contained in wastes. 
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GENERAL RECOMMENDATIONS 

soud wastes have been demonstrated conclusively to be associated with some 
diseases in the United States. Although the incidence of disease due to wastes is low in 
this country as a whole, it is demonstrably higher in certain groups — particularly those 
without general sanitation, including proper waste disposal means. In the chain leading 
disease from waste to human host, the major point of attack must be upon those wastes 
which contain disease agents or serve as sources of propagation for carriers of disease. 
Wastes must be so handled or treated that the pathogens they contain are destroyed — 
not merely reduced in numbers — and carriers of pathogens denied access to the wastes 
for breeding or sustenance. To the extent that known effective measures are not feasible 
at this time, research should be directed at the development of effective, yet practical, 
methods. . 

Since lack of data is extensive in regard to chemical wastes, two major paths of 
investigation are advised: first, delineation of the type and degree of contamination of 
the environment due to chemical wastes; and second, accelerated and long-range toxi- 
cologic studies on effects of chemical waste materials common to the environment in the 
concentrations found there. The knowledge needed is that of the effect of decades of 
exposure to trace amounts of the waste substances, 

In addition, exposure and disease spectra of sanitation workers should be de- 
termined to provide comparative data, as well as to permit better protection of this group, 

It appears that w r e need more information on the techniques and the organiza- 
tional and administrative means for sanitary disposal of solid wastes in times of crisis 
or disaster. As a preliminary step, the available information should be assembled as a 
basis for determining what additional knowledge is required. Correction measures against 
disease cannot deal exclusively with a relatively limited aspect of an etiologic situation 
as broad as that associated with solid wastes. Educational and legal weapons are re- 
quired. Considering the deficiencies of health education as a whole in America’s school 
systems, it is not entirely appropriate to select the public and personal health aspects of 
solid wastes as the focus of expanded instruction on uealth. Yet from a system of educa- 
tion developed on this aspect of health, an inclusive health education program of value 
might arise. Certainly, some means developed for use in the schools is needed for break- 
ing some children from the cultural morass of insanitary practices to which their birth 
and environment condemn them. 

Education of industrial personnel, the general public, the medical profession, and 
government officials is an added requirement. Educational and motivational materials 
and techniques need to be developed for the accomplishment of these goals. Strict legal 
controls and their enforcement are mandatory. However, regulations must be based on 
reasonable standards. At the present level of knowledge, it is not possible to adopt 
standardo directed at all aspects of environmental contamination, including sources of 

291-982 O - 6d - ? ^ 
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solid wastes. For example, research is needed to permii the development of standards on 
chemical, viral, and (to a lesser extent) other biotic contamination arising from solid 
wastes. In the interim, considering the tendency of contaminants to ignore present juris- 
dictional boundaries, the legal and governmental means necessary for the effective appli- 
cation of regulatory standards need to be developed. 

Additional studies on environmental contamination by chemical wastes have already 
been suggested. Such studies probably could benefit from, or require, automated mon- 
itoring systems. Such systems could then be adapted to environmental control for the 
protection of health. Their development therefore deserves consideration for at least two 
basic reasons (economic, regulatory, and legal reasons also suggest themselves). 

In this report, occasional reference is made to the hazard arising froi' compart- 
mentalized approaches to the control of environmental pollution. In almost every action 
to be recommended for the prevention of solid waste-related disease, there is a parallel 
requirement apart, but not detachable, from the solid waste phase which relates to all 
environmental contamination. The same considerations apply in reverse to water- and 
air-pollution control measures. That is, corrective measures (or research directed at their 
development) cannot be considered separately from overall waste management problems. 
The obvious conclusion is that environmental health is not a subject for dissection. Spe- 
cialists may be required for diagnosis, but the therapy must be integrated. The basic 
recommendation, therefore, is that of an integrated program of study, analysis, and action 
directed at applying the best talents of oui society as a whole to the control of environ- 
mental pollution. 

More detailed recommendations are contained in this report under the section on 
research and at the end of each section on disease. 
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DEFINITIONS 



it is perhaps appropriate to explain the definition of solid waste given below. 
First, there is no consistent definition to be found in the literature or among workers in 
the field of waste studies. Second, a waste may undergo as many as three or four phases 
of solid/nonsolid existence from the time it is evolved until its 'final' disposal. For ex- 
ample, wastes that go into suspension or solution cannot be abruptly dismissed. Through 
evaporation, precipitation, adsorption, and other phenomena, such waste often reappears 
in solid form. 

Today’s so-called liquid wastes may become tomorrow’s solid wastes if public 
health or other considerations dictate that liquid transportation of solids be discontinued. 
A similar future problem may apply to solid wastes, or the combustion products of wastes 
now discharged into the air. 

To classify such wastes on an arbitrary or jurisdictional basis would at this time 
almost certainly result in the lack of timely consideration of research for handling them, 
should their present modes of disposal be prohibited. This in turn would result in delays 
and elevated costs. 

The following definition is given with the above considerations in mind: 

Solid Waste: Solid waste is that normally solid material arising from animal or human 

life and activities and discarded as waste, regardless of its mode of transportation, sus- 
pension, or modification. It therefore includes waste particulates suspended in air or 
water, and soluble waste solids contaminating water or soil. 

The following definitions are similarly arbitrary: 

Descriptors: Those terms which define, for purposes of information retrieval, the subject 
matt< encompassed by this study. 

Det npto. Glossary: The table of search terms found to be most helpful for information 
retrieval, it contains major descriptors, synonyms, or near-synonyms of these descriptors, 
and modifying terms which more specifically define the subject matter sought. 

Disease Agent: Any organism or material capable of causing disease. 

Waste Disposal: The final deposition of waste by man. This does not include its ulti- 
mate dissemination by forces other than man. 

Waste Handling: The physical manipulation of waste involving human exposure to the 
waste’s components. 

Waste Sources: Those activities — domestic, municipal, industrial, or commercial — 
which generate waste. 

Waste Treatment: The intentional processing of waste with the goal of changing its 
content as to quality or quantity, or both. 
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SOLID WASTE / DISEASE RELATIONSHIPS 
A. general discussion 

hypothetically, solid wastes can produce undesirable effects by biological, chem- 
ical, physical, mechanical, or psychological means. For example, human pathogens in 
human feces provide a biological threat, industrial wastes create chemical hazards, flam- 
mable materials involve a physical danger through fires or explosion, and broken glass 
and other sharp-edged wastes create mechanical hazards. These hazards, plus unsight- 
liness, costs of waste disposal, special interest and jurisdictional disputes, threats to 
property, and ither factors, provide a basis for possible psychological and behavioral 
disturbances. 

To relate human disease, disability, annoyance, or other undesirable effects un- 
equivocally to the production, disposal, or accumulation of solid wastes is not a simple 
procedure. It requires, in fact, that all of the steps in the pathway from solid waste to 
human affliction be validated by unequivocal measures. This validation depends on the 

1) Discovery of harmful or potentially harmful agents in the waste, or, 

2) Demonstration that such agents develop within, or in association with, the 
wastes. 

3) Discovery of disease or other effects among the population which may reason- 
ably be associated with these agents; 

4) Demonstration of the pathways by which the effects are accomplished; 

5) Demonstration of the absence of effects following interruption of these path- 
ways by one means or another, or their absence in populations not similarly 
exposed. 

Among the human population, conditions exist which satisfy requirement three 
above (that is, there are numerous cases of disease, injury, or behavior which reasonably 
could be suspected of arising from the kinds of hazards postulated). Perhaps the easiest 
to associate would be arguments arising out of jurisdictional or economic aspects of solid 
waste management. 

The most difficult requirement to fulfill is the fourth. It will be helpful to consider 
the possible pathways. 

Disease agents must find access to the body if they are to have an opportunity 
to cause an effect. The agent and the victim must have environmental association, there- 
fore, either directly or indirectly. Direct contact could occur, for example, in the handling 
of a waste by the potential victim. Indirect contact could occur through transportation 
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of the agent to the victim as, for example, through the means of a biological vector such 
as a fly, mosquito, or flea, by way of water supply contaminated by waste, or by airborne 
solid waste particles. 

In detail, the pathways by which agents of disease could result in human exposure 
and possible disability can be highly complex, but a simplified diagram of the general 
modes of transmission can be presented (Figure 2). Except for their brief mention, the 
possible psychological effects of solid waste will not be discussed in this report. 




B. pathwa' 

the general cases of the first six of the several pathways diagrammed above will 
be presented first. However, in treating individual diseases, overlapping of pathways 
permits no such separate categorizations. 

Pathway 1: Biological Vectors 

The term vector, as used here, refers to any living agent which transports, directly 
or indirectly, a disease agent. Later in this report it will have its more technical mean- 
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ing — that is, an arthropod transmitter of disease. Vectors become important to the solid 
waste/ disease relationship insofar as the waste is a cause of their multiplication and their 
proximity to man, or a source of their contamination by pathogens. 

Biological disease agents affecting man have evolved and are still evolving. Some 
disease agents are adapted to low^r animals and infect man only incidentally; that is, 
man is not a natural reservoir. In case of human disease from such sources, man can 
serve as a 'dead-end' for the agent, or he can transmit the agent among his own species 
or to other species. Other agents are totally or partially restricted toman. Lower animals, 
however, may form part of the pathway by which human infection takes place in such 
disease. 

The biological vectors of disease agents that can attack man comprise members 
of essentially every family and genus of higher forms. The carrier (vector) status may 
be either mechanical or biological; that is, the agent may be transported on or in the 
vector without multiplication or change in phase (mechanical carrier state), or the agent 
may require passage in the carrier for multiplication or to undergo a necessary cyclical 
change there (biological carrier state). The carrier may therefore be either a true ‘host* 
of the disease or serve only as an agent of transportation. 

The pathway involving biological vectors is concerned with disease-carrier or host 
states among animals (that is, with domestic, commensal, or wild animal life which pro- 
duce infective solid wastes or serve as links in a chain of infection ending in man). 

Fecal Wastes . Many of the most devastating infectious ailments are the enteric 
diseases of man and animals. Their agents are commonly excreted, often in enormous 
numbers, in the feces of infected individuals, and comprise all major categories of path- 
ogens: bacteria, viruses, protozoa, and helminths. The highly dangerous human bacterial 
agents of typhoid fever and cholera have been responsible for many millions of deaths. 
They are prevalent in all countries and continue to cause much disease and death in areas 
existing in both 'developed' and developing countries in which sanitary disposal of human 
feces has not been achieved. The same problem exists with regard to other disease forms 
found in feces, especially as a cause of death among infants and children. 

Enteric diseases for which domestic animals are the natural reservoir may cause 
human disease through direct infection. By causing disease or death of the animals, 
these diseases can contribute to malnutrition and death in man. It is possible that there 
are hundreds of kinds of enteric animal disease agents. An unknown number are, or 
may become, transmissible to man either at present or, by evolution, in the future. 
Among these kinds are hundreds more of serological variants — infection with one of 
which may not provide immunization against other variants of the same species. For 
example, more than 1,000 serologically different salmonellae are recognized. 324 ’ p 266 As 
world-wide trade and spread of transportation increases, the spread of species, subspecies, 
and strains of such organisms, at least among animals, will continue to mount. 324 « p 171 
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The discussion of specific diseases related to fecal wastes is presented elsewhere in 
this report. 

Solid Wastes as Sources of Food and Harborage to Potential Carriers of Disease. 
The commensal rat and mouse are examples of evolutionary adaptations of a wild form 
to man’s habitat. Their association, particularly that of the rat, with human refuse has 
been commented on throughout much of written history, as has their suspected role in 
human disease (see section on rodent-borne disease). 

In addition, certain insects such as cockroaches, domestic flies, and domestic 
mosquitoes have been noted to share this relationship with human refuse and are sus- 
pected of spreading disease to man (see sections on fly-bome and mosquito-borne disease). 

Pathivay 2: Physical and Mechanical Hazards 

Solid wastes often contain flammables and, in the course of biological or chemical 
decomposition, evolve explosive, poisonous, or asphyxiative gases. These gases traverse soil 
and can presumably create hazards to humans and their dwellings if these are proximal to 
the disposal, treatment, or other sites of processing of solid wastes. Solid wastes can also 
cause injury by mechanical means (see section on safety). 

Pathuxiy 3: Airborne Solids 

Solid wastes are evolved in many combustion processes. A particularly heavy 
source of particulates is the burning of coal. Incineration of solid wastes creates solid mat- 
ter which enters the air. It is also conceivable that pathogenic soil fungi, multiplying 
through the nutritive effect on soil of some solid waste constituents, can release spores 
to the air (see section on fungi). 

Pathuxiy 4: Direct Contact 

It must suffice to surmise in the general case that many possibilities for direct 
contact of humans with biological or tctic agents in solid wastes must exist In this 
regard, solid waste must be considered in two rather distinct contexts: first, as a collec- 
tion and disposal problem invo’ving sanitation workers, and second, as a problem of per- 
sonal and household hygiene (at least insofar as an analysis of cause and effect relation- 
ships in disease is concerned). It will thus be necessary to consider both household and 
municipal pathways. 

Possibilities for kinds of exposure are to be inferred from the sources and con- 
stituents of solid wastes. Exposure itself depends on proximity; hence occupations 
causing the worker to be directly exposed would be presumably of greatest concern, par- 
ticularly since the factors of dosage and length of exposure are paramount in human 
disease factors. Thus, farm workers would appear to have major exposure to animal 
wastes, hospital staffs and attendants to infective human wastes, sanitation workers 
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handling solid wastes in or ouUtide industry to toxic wastes, and so on. Similarly, family 
members — especially children — may be intimately exposed to accumulations of solid 
wastes in and about the home, the risk being proportionate to the hazard in the waste 
(see sections on safety, human fecal wastes, and animal fecal wastes). 

Pathways: Water Supply 

Solid waste materials which are soluble or suspendible in water may create a poten- 
tial source of hazard by runoff into surface waters, or by leaching and percolation into 
ground water c„' aquifers used for potable water. In addition, the possible change from 
solid to liquid or suspended, and again to solid state, could presumably cause special con- 
cern with evaporation of the solvent and concentration and accumulation of the solid 
phase (see section on chemical wastes). 

Pathway 6: Food Supply 

The possibilities for introducing toxic agents or biological pathogens to the human 
organism through the food-waste cycle are many and complex. Presumably, exposure 
could result from direct contact, as in the use of containers containing remnants of waste 
for food transport, from contamination through the agency of biologic vectors such as flies 
and rodents, and from contamination by waste residues during food processing. Ex- 
posure also could come about through contamination of food crops by fertilizers prepared 
from wastes or prepared foods in markets merchandizing such fertilizers, through contam- 
ination of edible fish by discharge of wastes into bodies of water, or by infection of animals 
used as a source of food. 



Pathway 7: Socioeconomic Factors 

These will not be analyzed because no definitive studies have been addressed to 
any aspect of this pathway. Common observation, nevertheless, leads to the conclusion 
that special interest conflicts, educational and cultural deficits, jurisdictional disputes, and 
similar factors have caused and will continue to cause delays in correcting deficiencies in 
solid waste management and, by so doing, create a pathway potentially leading to human 
disease and degradation of the environment to the lessening of human well-being in general. 

C. disease associated with chemical wastes 

Gene ref 

Man uses hundreds of thousands of chemical materials or creates them incidentally 
in industrial and other activities. Each cf these materials, either in its original form or as 
a breakdown or by-product, will probably appear at some time as a waste. To demon- 
strate the possible harmful effects on man would require first, that the products be fol- 
lowed, in most cases, through an extremely complex pathway in which numerous changes 
in chemical nature and concentration may occur; second, that they remain identified in 
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this journey and not confused with materials of the same naturu from other sources; 
third, that th y be traced onto or into the human body in a form and concentration that 
can produce disease; and fourth, that the host be adversely affected thereby. 

Barring this, epidemiologic methods are needed to demonstrate convincingly that 
a disease in a population is of a type to be expected from a specific waste chemical, that 
this chemical be demonstrated as having access to the population, and that no other 
source can be similarly implicated. 

Attempts at categorization of chemicals for toxicologic purposes have been shown 
to serve little purpose. Minor changes in structure of a compound can bring about 
major changes in its biological effects. In addition, the task of itemizing the enormous 
number of wastes as to their toxicologic potentialities is beyond the scope of this study. 
Consequently, a postulation of possible pathways for chemical wastes to reach a human 
body will be described, and attempts will be made to validate parts or all of these routes from 
the literature. Complete itemization of chemical wastes of toxic or carcinogenic potential 
will not be attempted. Only those wastes will be discussed that can serve to illustrate 
points in the postulation, or, if possible, that are known to cause human disease. 

The wastes to be considered are those that are normally solids when in a dry state, 
or liquids of a sufficiently hazardous nature to require special handling. 

It is entirely possible that present practices in which toxic chemicals are discharged 
into water will be proscribed in the future. *® 7 - 772 It will then be necessary to apply 
special handling procedures to protect the public against new avenues of exposure. In 
addition, waste chemicals discharged into liquid media may be precipitated by waste 
treatment processes and become concentrated in the resulting sludge solids, creating 
other potential risks to public health by pathways to be discussed. 

Postulation 

Hazardous wastes chemicals can adversely affect the public health via a number 
of pathways, depending on the method of disposal and the nature of the end product, its 
concentration, and the effective dose in the population. These pathways are illustrated 
in Figure 3. 

Chemical waste can be disposed of by the following methods: (a) landfill, dump- 
ing, surface and suteurface disposition; (b) streams, lakes, etc.; sewage treatment ponds; 
(c) (as a component of treated waste) fertilizer, soil conditioner; (d) (as a component 
of treated waste) animal feed; (e) incineration. 

Chemical wastes or wastes which contain chemical products may, through handling, 
produce dust, while their presence in waste undergoing treatment involving aeration may 
result in their being air-bome through the bubbling action of the treatment process. 

As a result of the leaching action of rain, it is possible for chemicals on soil or in 
dumps, landfills, or wells, to enter ground-water reservoirs snd thence human water sup- 
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plies. When disposed of on land, they can be leached into surface streams or ground 
water. They can also contaminate water into which they are directly discharged. In this 
way they can create a risk to humans if the contaminated water supply is used as drink- 
ing water, or cause toxic compounds to appear in aquatic life which could then become 
part of the human food chain. 
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Fkjiiub 3. Chemical waste/human disease pathways (postulated). 

If chemicals are contained in wastes converted into fertilisers, soil conditioners, 
or animal feed, they could presumably enter edible plants, meat, or milk and thus con- 
stitute a hazard in human food supplies. 

Through incineration, they or their by-products can contaminate the skin or the 
lungs of individuals. In addition, by the handling of wastes, human beings can subject 
themselves to the toxic action of chemicals through direct contact or inhalation of dust. 
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Evidence 

DISPOSAL METHODS 

Land Disposal, The literature deals essentially with five land disposal methods: 
(a) dumping *■ TO - 136 - 2M - 2|8 - 2 ' 7 - 23,1 24 °- 243 - 2901 291 • 6361 6401 7M ; (b) landfill 200 - m 2021 2l8 - 2l5 - 
»8. 493. ( c ) surface deposition 387 - 234 • w - 217 - 215 - 27 °- 284 • 3 ' 8 - 827 - M0 ; (d) superficial subsurface 
deposition «°- 70 - **• **. 27 °; and (e) deep well injection. 209 - 217 - *»• 2 "- « 4 - ** *«• 633 - 640 

Wafer Disposal. The literature is replete with references to discharge of wastes 
containing chemicals into various bodies of water and flowing streams. 232 - 234 ■ w - 6l - 67, 

79. 202. 2l». 214. 218. 217. 220, 215. 231. 241. 242 . 243, 245. 248. 255. 256 . 267. 268. 272 . 277. 284 . 416. 480 . 495. 617. 

844. 648. 745 r i -i ie bodies of water include lakes, ponds, oceans, and various lagoons or ponds 
used for holding or treatment of wastes. 

Air Disposal, Wastes are frequently burned. 200 - S87 - 234 ■ m m - ” 7, 73 °- 231, * S3- 
255. 268. 293 . 295 . 402 . 403 . 404. 4i2. 440 . 844 These wastes include all types of municipal wastes, 
crop residues, and dried sludge from waste treatment processes. Solid wastes also result 
from burning of primary fuels such as coal, heating oils, gas, and various locomotive fuels 
such as diesel oils and gasoline. 

All of these methods of combustion usually produce particulate matter. The 
particulates are either discharged into the atmosphere or collected by various means. 

21.34.240. 293. 294.298. 298.297.299. 411.426 



PATHWAYS 

1) Soil Contamination, Some nonbiological wastes are often mixed with other 
forms of waste for purposes of treatment and become precipitated in the sludge. 831 ,38 - 

138. 202. 207. 209. 215. 224. 227. 218. 241. 243. 244 . 245 . 254 . 268. 284. 402 . 495. T'.O 

One method of disposal of sludge is to use it a9 a ‘fertiliter* or soil conditioner. ! ° J - 
214 . 215 . 218 . 254 . 26 #. -wo Thompson et of. 298 found 26 metallic components of air-dried sludges 
in which concentrations ranged from 0.001 to 30 percent. 

At this point, the life? »ture becomes highly speculative in regard to disease caused 
by chemical wastes. Hueper 387 has been perhaps the most outspoken critic of industry in 
its practices of polluting the soil, water, and air, and has repeatedly warned that these 
routes of transmission could add to the total carcinogenic load in the population. He 
states that industrial carcinogenic pollutants may be absorbed by and accumulated "in 
fruits, vegetables, and food animals using water contaminated with such materials." Rain 
water could cause soluble chemicals in wastes used as fertilirers or soil conditioners to be 
made available to plants. Presumably, these could thei be taken into the fruits and 
vegetables or into food animals feeding on torage containing the pollutants . 79 Other 
evidence is highly circumstantial. M 
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Concern over the possible intoxication of humans by pesticides has led to the find* 
ing that some of these agents are accumulated in crops. 6,6 It is known that pesticide 
chemicals are absorbed by plant roots and distributed into various tissues of plants. 316 
However, similar investigations relating to chemical components of waste per se were not 
discovered. There is evidence, obtained in work on pesticides, that at least some pesticide 
chemicals are ingested with contaminated food in the human food cycle. 3R ' 3 

2) Water Contamination. Surface Waters. Gurnham 200 states that contamination 
of streams by toxic wastes creates a hazard to public health: “Injuries to people by 
such discharges have fortunately been rare, but the killing of farm animals is frequent 
enough to indicate the danger.” This author also states that similar danger exists from 
food fish which may have absorbed toxic materials from water. However, it has also been 
stated that there have been no known adverse effects on human health which can be 
traced to the presence of refractory contaminants in the tap waters of this country. M 

The literature concerning methemoglobinemia due to nitrates was reviewed to the 
extent that no case could be traced to |)ollution due to chemical wastes. However, there 
is epidemiologic and chemical evidence that this affliction is associated with nitrates 
and nitrites from water pollution due to Irological wastes. * 77 - ® M * 709 

Woodward 14 stated that the presence of goitrogenic materials in some drinking 
waters “seems beyond question”. He speculates that these could be du3 to the presence 
of wastes or their degradation products. 

There has i^een some debate on whether certain materials, either by their presence 
or absence in drinking water, may be associated with certain kinds of cardiovascular dis* 
ease. 129 - 374, i7? - 670 However, a pane! convened to investigate this possible phenomenon 
reported that “no causal relationship has been established between the total dissolved 
inorganic constituents of drinking water and cardiovascular disease.” 577 

The porsibility that toxic chemicals could enter the human food cycle through their 
accumulation ir aquatic life was investigated. Fish are known to be killed by water pollu* 
tion, but the mechanisms are poorly understood. In evidence of this is the continued 
controversy over fish kills allegedly due to pesticides. However, the crucial question for 
this investigation is whether or not waste toxins enter edible aquatic life through whose 
consumption humans are affected adversely by these same toxins There is some indici* 
tion that oysters can take up carcinogenic agents. f7 Further information concerning the 
presence or biological amplification of non radioactive wastes in aquatic life was ..ot 
discovered. 

In the related field of poisoning by pesticides, it was stated 2 ** that “wide spread 
use of chlorinated pesticides on the West Coast has not resulted, contrary to often ex- 
pressed fears, in gross contamination of West Coast fish life . . . ”. There was no evidence 
of biological amplification of these chemicals in this aquatic life. 

In spite of the paucity of information concerning this possible pathway, or very 
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probably because of it, concern is expressed: “Surface waters at present serving millions 
of people are continuously dosed with industrial wastes containing undetermined amounts 
of unknown chemicaU of undetermined toxicity.’’ 267 From their investigations, BornefI 
and Fischer 49 concluded: “The dosage of cancerogenic substances taken up per person 
per year is estimated to be of the order of milligrams when surface water is used for 
human consumption without preliminary carbon filtration.’’ 

Hueper and Payne 79 found that extracts of raw and finished water of a river 
“heavily polluted with industrial chemical pollutants, when subcutaneously injected 
into mice, elicited the development of . . . sarcomas at the site of injection.’’ These au- 
thors also implicate such pollutants as the cause of leukemic reactions and a bladder 
papilloma in mice. 

It is stated that “trace quantities of many chemical, biological, and radiological 
pollutants are being detected in (the nation’s tap] waters in many areas. Although it is 
not known that their presence is harmful, it is also not known that their presence is safe.” w 

Ground Water. In the proceedings of the 1961 symposium on ground water con- 
tamination 745 there i3 the following comment: "... Waste disposal wells and lagoons, 
leaking chemical storage tanks, and cesspools [were listed] as the most important 
reported sources of contamination (of ground water]. The most commonly reported in- 
organic contaminants were salt water, oil-field brines, and sodium chloride, with an 
occasional report of specific toxic agents such as fluoride, chromium, and nitrate. In 
most instances, little difficulty was encountered in establishing the particular origin of 
the more toxic contaminants.” 49 The author, W. J. Kaufman, states further: “The 
inorganic chemical contaminants of ground water differ from organic and biological con- 
taminants in many ways, the most important differences being their indestructibility, 
the persistence of pollution resulting from their presence, and the great difficulty and 
cost of their abatement. It is possible to cite numerous instances of small concentrations 
of toxic inorganics that appeared in ground water and impaired its acceptability for 
domestic use. It is probable that the major impact of inorganic contamination is not on 
man’s health but rather on his agricultural and industrial enterprises ...” (p. 43). 

Middleton and Walton, writing in this same reference, state: “A wide variety of 
organic contaminants are reaching ground waters from leaky tanks, lagoons, and septic 
tanks, or by accidental means. The problem is nationwide, and the reported incidents 
probably represent a small fraction of actual occurrences. The presence of contaminants 
has been evidenced by taste and odor, foaming and crop damage. Once the contaminants 
have entered the ground water, they may travel for long distances and persist for many 
years.” (p. 65). 

Also, in these proceedings, Flynn (pp. 71-62) refers to an industrial contamina- 
tion of domestic water wells by industrial wastes: Deutsch (pp. 98-104) reports on ground 
water contamination of a domestic well by electroplating wastes, including cyanide, 
chromium, nickel and copper; Weaver (pp. 104-110) refers to the pollution of ground 
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water by chemicals due Lo leaching of sanitary landfills. Burttschell et ai (pp. 115—1 17) 
report ground water pollution by organic industrial wastes; Walter (pp. 121-125) reports 
on extensive (5 square miles) contamination of ground water by industrial chemicals. 

A World Health Organization bulletin 714 states (p. 951) that, in Europe, the chief 
sources of ground water contamination are domestic sewage and soluble refuse, industrial 
effluents and soluble wastes, accidentally spilled liquids, saline waters of geographic 
origin, and sea water. The contamination from domestic or industrial sources is due to 
pollution of the soil or water coutces by wastes without prior adequate treatment. In 
addition, poor selection of disposal sites has led to pollution of aquifers. Poor construc- 
tion of wells and poor pumping practices were noted as positive factors in this regard , 

(p.951). The authors, Buchan and Key, note a number of instances of ground water 
pollution by industrial wastes. 

Scott u reported contamination of ground and surface waters by industrial wastes: 

"Ground water . . . from the test wells . . . was contaminated. . . . Well waters which 
formerly showed less than 0.1 mg/1 iron and manganese now contained 40 to 20 mg/1 
of these dements. Use of such ground water facilities has necessarily been discon- 
tinued. . . This author notes the unpredictable nature of flow of the waste from a 
treatment pond. 

Bomeff and Knerr 44 reported experiments in which "Particles containing car- 
cinogenic compounds (asphalt, tar, 600 t, etc.) of the size downward to about 10 milli- 
microns . . . may reach subsoil water .... The behaviour of carcinogenic compounds in 
soil under the influence of solvents, for example, . . . detergents, cannot be judged defi- 
nitely until further experiments have been performed.” Bomeff 4 * reported on the de- 
velopment of carcino.na in the mouse only when the carcinogen had been dissolved by 
surface-acting compounds in the drinking water. However, he states that the solubilization 
of carcinogenic compounds by detergents contained in waste water, or in surfc.ee waters 
contaminated by waste water, lacked experimental proof. As has already been re- » 

ported,* 57 there is contradictory evidence on the action of detergents in promoting the 
passage of contaminants through soil. 

» 

Potential risk to humans through contamination of underground sources of water 
supply by cyanides is mentioned.* 4 * Cyanide wastes are said to have caused fatalities 
when disposed of in sewer systems. 

The potential contamination of grov’d waters by chlorinated and fluorinated hy- 
drocarbons is discussed. 155 No evidence of actual ingestion of these chemicals by this 
means was mentioned. 

Hettig* 60 states that there is potential danger ”if subsurface faults allow large 
amounts of unconverted wastes to contaminate the ground water”. 

Well water pollution by laundry waste has been reported. *** 

Gross contamination of well waters by oil well wastes and by refinery wastes was 
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reported by Maehler and Greenberg. 270 Morris and Weber 272 also report on ground 
water contamination by industrial pollutants. 

Experimental leaching of ash dumps was carried out by the University of Cali- 
fornia. 2 '' 0 This experiment was carried out in an area of very low annual rainfall. A 
further report 473 states that a sanitary landfill in intermittent or continuous contact with 
ground water will cause the ground water in the immediate vicinity to become grossly 
polluted. A report of interest in ground water contamination in relation to refuse is 
contained in reference 636. 

Another study 478 found that, although the practice of dumping acidic wastes has 
not been permitted in the Baltimore area for 20 or 30 years, ground water in the Patuxent 
formation in the contaminated area has been rendered practically useless for most pur- 
poses. Traces of toxic materials (cadmium and hexavalent chromium) were found. 

Miller an^ others 827 state, "Ponding and ground surface waste disposal continued 
to be the practices most hazardous to potable ground water supplies and should receive 
continued scrutiny.” 

"Wastes too difficult or troublesome for surface disposal are dumped into a deep 
well where they sometimes pollute useful aquifer, pierced by the well.” 640 

McKee 844 reports pollution of ground waters by sanit.iry landfill. Further quota- 
tion of similar statements does not appear necessary to establish the fact of ground water 
contamination by chemical wastes. 

3) Air Contamination. Hueper 3 * 7 speculates on the contamination of air by in- 
dustrial wastes. He is concerned particularly with the additive or synergistic actions of 
6uch wastes in regard to the total possible carcinogenic load on the population. 

One report 2 ” stated that air pollution through the burning of wastes creates 
hazards. Of interest to possible pulmonary disease is the statement that, in one study 
on a large incineration project, 12 percent by weight of the evolved ash consisted of par- 
ticles measuring less than 5 microns. Lenehan* 30 states that a 600 ton per day municipal 
incinerator will produce 10,000 pounds of fly ash per day unless air pollution control 
equipment is used. And, while he notes that electrostatic precipitators can remove fine 
particles with almost 100 percent efficiency, he finds that such equipment is not used 
because of the cost involved. 

Greeley discusses the evolution of gaseous products in incineration of munic- 
ipal solid wastes. He also notes the potential for air pollution by particulate matter from 
such sources and states that, insofar as he knew, no electrostatic precipitators had been 
installed in refuse incinerators in the year reported (1956). 

Incineration of waste sludges is noted by Thompson. ** Although he reports on 
the finding of some 26 metallic components of these sludges, he gives no data on their 
presence in airborne combustion residues. 
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Chambers *° discusses air pollution by primly solid wastes of industrial source. 
He lists metallic fumes, and dust containing lead, vanadium, arsenic, beryllium, and 
nonmetallic elements (fluorine and phosphorus) as being constituents of such wastes. He 
states that 25 pounds of solid, such as dust, smoke and condensed fumes, result from each 
ton of waste burned. He also lists the waste solids evolved from combustion of various 
fuels. 



Eliassen 2:15 states: “The major contributions to air pollution from domestic sources 
are the products of combustion from space heating and refuse incineration. . . . Refuse 
disposal is the major source of air pollution from municipal activities. ... (It] increases 
with the use of . . . ''pen burning or refuse . . . . ” He gives the various amounts of air* 
borne solids produced from different types of waste incineration. 

Howe 402 refers to the finding of toxic chemicals in sludge and to incineration of 
such sludge. No mention is made of any analysis of airborne residues of such incineration. 

Rogus 404 states that the burning of refuse accounts for up to 10 percent of total 
air pollution in urban areas. The contaminants include inorganic gases, organic sub* 
stances, and particulate matter. 

Ashe 408 reports excessive deaths associated with very heavy air pollution among 
persons recorded as having chronic bronchitis, bronchopneumonia, and other lung or heart 
disease. The air pollution included “vast quantities of particulate matter and gases of 
various kinds.” 

Breslow 409 discusses pulmonary disease, including asthma and emphysema, as 
possibly associated with air pollution. In regard to emphysema, he states: “We are by 
no means in a position to draw any sound conclusions about this matter.” He also im- 
plicates lung cancer as a possible consequence of air pollution. 

Nelson 410 discusses “The possibility that the presence of particulates might syner* 
gistically potentiate the irritant action of gases on the respiratory system” and states 
that there appears to be experimental verification of this in animal studies. 

Kotin 411 discusses pollution of urban atmosphere by carcinogenic agents. He 
states: “Carcinogenic materials have been identified in the air in a particulate state that 
permits their being breathed and deposited on the lining of the lung.” 

Stenburg 4,2 states that “excessive discharges of smoke and fly ash to the atmos- 
phere are the recognised by-products of the poor combustion at one time or another 
identified with practically all types and sires of (waste) incinerators”. He stvs that 
customary methods of incineration of wastes remove larger particulates but are not 
effective in removing patticles in the lower micron ranges. 

Bush 41 * stated; “Particulate material from municipal incinerators amounts to 
about 4 to 5 lb. per ton of refuse burned. On the basis of particle count, using the 
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electron microscope, this corresponds to 1X10'* to 20x10’* particles per ton of refuse 
burned, with more than one half the particles being less than 0.1 micron in size. . . 

Feldstein 438 states: “The kinds of air polluting products formed during open dump 
burning, burning of land-clearing debris, burning in single-chamber incinerators and com- 
bustion in the automobile engine are quite similar, differing generally in the quantities 
of each component produced .... Greater relative quantities of organic gases, ethylene, 
particulates, olefins and oxygenates, are produced by poor combustion in single-chamber 
incinerators than are produced during the oi>eration of gasoline engines." This author 
also says that “Twenty-four tons of particulate matter are produced during the burning 
of 2,000 tons of land-clearing debris. Because of the generally poor combustion which 
occurs in such fires, it is estimated that about 60 percent of the particulate matter is 
in the size range greater than 60 microns." 

Ellsworth and Ballinger 440 state that the burning of automobile bodies has “cre- 
ated such air pollution problems that public opinion has caused the practice to Ixj out* 
lawed in many cities and residential areas." 

4) Direct Contact . Material under this heading that is related to sanitation 
workers will be discussed under Safely in a separate section. 

The rare reporting of accidental ingestion or inhalation of solid waste materials 
among the general population does not necessarily mean that occurrences themselves are 
rare. Any ensuing symptoms could very well be ascribed by the public to other causes. 
The literature does not provide data on either the frequency or severity of such exposure. 

5) Miscellaneous. Although it is known that animal feed is sometimes prepared 
from waste materials and that the finding of cancer in some animal species has led to 
the suspicion that such feeds may contain carcinogenic contaminants, there is nothing 
in the literature relating waste in contaminants to cancer in animats, or to a risk to 
humans, except in a hypothetical way. 

There little in the literature that comments on pesticides and their effects as 
wastes on man. Such information as exists deals with accidental poisoning of children 
playing with discarded pesticide containers at home or a rare contamination of food by 
containers previously used for carrying pesticides. 



Discussion 

Although there has been considerable sneculation in the literature as to potential 
risk to human health from the various disposal methods used for chemical wastes, the 
investigator in this study was unable to discover in the literature any reliable evidence 
supporting a relationship. 

There ete major barriers to such an attempt. Reference fc lack of data is frequent 
in the literature. 

O • II • I 
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In 1959, Nelson 4,0 stated: “We have no evidence at this time that systemic dis- 
eases from trace quantities of toxins are of significant health concern. It may be that 
obscure relationships exist of which we know nothing at the present time.” 

Ettinger 628 says: “There is a vast area of ignorance concerning the toxicology 
and pharmacology of both synthetic and naturally occurring organic materials, and new 
materials are being made much faster than the toxicology of known materials is being 
studied.” 

Gurnham 200 states that “little is known of the possible cumulative action of 
metal salts and similar poisons that may lead to general ill health and debility . . . 

Hueper 387 makes the following statement: “Only very fragmentary information is 
available as to the potential carcinogenic properties of n considerable number of these 
agents (carcinogens found in the air, soil, or drinking water).” 

Woodward 14 states: "Knowledge of the nature of organic chemical pollutants in 
water is very sketchy and knowledge of their physiologic significance is even more so.” 
In regard to tap water contaminants, it is said: “Although it is not known that their 
presence is harmful, it is also not known that their presence is safe ” 82 The unknowns 
of surface water contamination were referred to previously in reference 267. 

Thompson and others 288 make reference to the lack of data on the metallic content 
of sludges. 

The need for research on ground water contamination is summarized in reference 
745 (pp. 165-216). This need covers many fields, including geology, hydrology, and 
chemistry, although substantial preliminary studies are available. 74S ' w , 7 ~ 3l: 47S - 748 The 

scope of the ground water research requirement is also evident from a report by Lit* 
vinhov 748 on water pollution in eastern European countries (pp.447-448, 452, 459). 

It is stated 7M - p 1000 that “there have been very few attempts to cany out strictly 
controlled experiments on the purification of polluting matter as it travels through the 
ground. This is doubtless because of the extreme difficulty — almost impossibility ■ 
of accurately simulating natural conditions while retaining the necessary control.” Mis- 
takes already made, with resultant long-range pollution of ground water, and their as- 
sociation with ignorance of geologic and hydrologic factors, have been noted in ref- 
erence 11. 

McKee 33 * discusses ground water pollution and states that “little quantitative 
information is available on the actual occurrence and movement of gases through soil 
and their relation to the quality of water in the upper fringe of the groundwater table.” 

The uncertainty with regard to drinking wat°r constituents and cardiovascular 
disease has already been referred to previously. 

The following statement appears in reference 640: “Knowledge is scant on many 
aspects of groundwater contamination.” 



literature survey 



25 



Weaver 745 - p 10<J states: “One cannot help wondering . . . about the unfortunately 
large number of communitiec that still resort to uncontrolled dumping. The impact of 
these practices ground water and other public health implications involved are cause 
for concern. We need to know much more about both the geological and climatic charac- 
teristics that, along with operational techniques, are so important to short- and long-term 
effects of degradation and possible leaching of refuse disposed of on land. We also need 
to have a much clearer picture of conditions as they now eixst in areas where refuse pres- 
ently is being disposed of by landfilling.” 

The state of knowledge with regard to air pollution by solid wastes or its incin- 
eration is typified by the statement by Dixon 204 to the effect that certain types of air 
pollutants can cause chronic bronchitis. The exact mechanisms of causation, however, 
are not clearly understood. 

One of the problems in this study was the question of classification of pesticide 
residues and their relation to crop wastes. A parallel question (that is, when is a waste 
not a waste) occurs in connection with other wastes which from time to time have been 
found to have utilitarian value. Another question which is largely unresolved is this: 
When does the farmer stop being a farmer and become a waste handler? And, in this 
regard, how does one separate his degree of exposure to pesticides while he is spraying, 
harvesting, or pruning, from his exposure in the act of hauling away crop waste? This 
issuo is raised, if only to point to the danger of attempts at compartmentalization of 
environmental health studies. 

The quotations given are typical of those relating to the unknowns of waste path- 
ways and quantitative data. However, there exists an equally important hiatus in the 
knowledge of the disease postulated to be associated with these wastes. One entire seg- 
ment of medical knowledge that is missing is that involving the effects of small amounts 
of chemicals of many types ingested or inhaled over a period of many yea»*s. 

If comprehensive information were available on waste materials and it could be 
demonstrated that such wastes were entering the population, it would still be extremely 
difficult to say what relationship they bore to the presence of any disease discovered in 
this population. Investigators at this time are able only to hint at possible association 
between contaminants of soil, water, and air, or of materials naturally present in the soil 
and morbidity. 6831 746 - 41 °- 737 » 738 - 712 Armstrong 85 summarizes some of the problems to be 
met in any attempt to trace relationships between soil elements and disease. 

Conclusions 

The literature makes it clear that there is contamination of soil, water, and air - 
chemical wastes. Beyond this, there is no factual evidence which permits a conclusion 
that any human disease is positively related to such wastes. Such information as is con- 
tained in the literature on this subject is speculative. 

However, certain bits of knowledge have been proffered which compel attention to 
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a possible relationship. For example, the production of large quantities of submicronic 
particles in the incineration of wastes make it certain that these particles will have direct 
access to the deep lung structures if they are inhaled. It is known that perhaps 90 per- 
cent of inhaled particles of this size are retained in the deep lung tissues. Should such 
particles contain toxic materials or carcinogenic agents, damage to the lung could occur. 
In addition, fly ash from incinerated waste contains materials that are known to cause 
disease in occupational exposures, although there is no evidence that these substances 
cause pulmonary disease in the general population. 

One conclusion reached is that a great deal of contamination is instituted without 
any knowledge or apparent concern for the possible consequences. This statement ap- 
plies to all forms of waste disposal. 



Recommendations 

To establish or negate a relationship between chemical wastes and human dis- 
ease, an integrated, systematized program of investigation is mandatory — it is manda- 
tory, that is, if a timely result considerate of costs is sought. 

This program would be concerned with environments, populations, and their rela- 
tionships. Under environments it 13 necessary to determine qualitatively and quantita- 
tively the waste chemical contaminant spectrum. Under populations, it is necessary to 
define the disease spectrum. (The disease spectrum is not further subclassified at this 
point because we possess relatively little information on the contribution of environ- 
mental contaminants to any disease.) Under interrelationships, it is necessary to relate 
contaminants and disease in a manner leaving little reasonable doubt as to the relation- 
ship. It is convenient to distinguish between studies directed at environments and those 
at populations. The former are easily separated from medical and toxicologic studies in 
their execution, if not in other respects. 

Since the number of environments is large, preliminary studies are required to 
determine if there are representative environments permitting a limitation of the total 
number to be studied, and also to identify those that can serve as controls. 

The basic environmental studies finally chosen should develop a useful body of 
knowledge on the contribution of wastes to environmental contamination. 

It should be noted that the ‘body of knowledge' thus derived vlll have little ap- 
plication to the question of disease relationships if there is not parallel study directed 
at discovery of the effects of waste contaminants on man. Here the field is essentially 
unexplored. A much greater effort is needed to determine what waste chemicals, in what 
amounts, over what periods, adversely affect man. 

An applicable environmental study — that is, a study applicable to the solution 
of disease and pollution questions within some reasonable expectant period — must be 
accompanied by medical, toxicologic, and epidemiologic studies. Expanded animal 
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research is needed in addition to the efforts presently sponsored by the Armed Services, 
NASA and the AEC, relating to environments of special concern. The pioneering work 
of Tipton, Schroeder, and others on trace elements and disease requires extension by 
diagnostic, toxicologic, and epidemiologic investigations of trace elements in selected 
populations so that some possibility exists for comparing the disease spectrum of these 
populations with that of waste chemicals in the environment. It remains to be discovered 
if accelerated exposure and extrapolation techniques can be adapted to estimating the 
effect of very long exposures to small amounts of contaminants from short-range experi- 
ments. Epidemiologic studies of exposed and control populations should be expanded 
to provide both basic data and the means for estimating the validity of accelerated animal 
exposure experiments. 

Studies conducted piecemeal, or compartmentalized according to some preconceived 
jurisdictional division, cannot hope to provide the information necessary to timely planning 
for economic, well-founded pollution control activities. They would also be far more 
costly and time-consuming in themselves than if an integrated approach were used. 

For these reasons, the following program is recommended: 



/. Environmental Contamination Studies 



Phase L Summarization of existing knowledge on 
waste chemical contamination of the 
environment and of current and projected 
research in this field 



Phase 2. Requirements l jalysis 
Types of data 

Types and numbers of environments to be studied 
Personnel 

Methodology and instrumentation 
Jurisdictional responsibility assignments 
Priority assignments 

Phase 3 . Selection of study plan 

Phase 4 . Surveys of selected environments 

Phase 5. Study analysis and interpretation 

Identification of chemical waste contaminants, sources, 

and concentrations 

Identification of exposed populations 



Phase 6 . Report 



At any time useful data are obtained, they would be made available to the popu- 
lation study. 
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II. Studies on the Population 

Phase 1. Assembly of existing data on trace elements and disease 
relationships 

Phase 2. Requirements analysis 
Toxicologic data 
Epidemiologic data 
Medical data 

Methodology and instrumentation 
Personnel 

Priority assignments 

Jurisdictional responsibility assignments 

Phase 3. Selection of study plan based on existing and postulated 
environmental contamination data 

Phase 4. Conduct of studies 

Phase 5. A ralysis and interpretation of studies 

Phase 6. Recommendations 



D. communicable disease 

Fly-Borne Disease 

GENERAL 

the following list of human diseases arc said to be transmitted by flies 617 ' pp- 658 - 
®® 2 : enteric diseases (typhoid, bacillary and amebic dysentery, diarrheas, Asiatic cholera, 
helminth infections); myiasis, loiasis; onchocerciasis; Ozzard’s filariasis; leishmaniasis; 
African sleeping sickness (trypanosomiasis); yaws; tularemia; bartcnellosis; catarrhal 
conjunctivitis; sandfly fever. 

To this may be added as possible fly-borne diseases (see section on evidence 
for references): anthrax; salmonellosis; protozoal infestations; trachoma; poliomyelitis; 
tuberculosis; hepatitis. 

postulation 

Flies, according to ecologic factors and species characteristics, are able to carry 
parasites pathogenic for humans and to transmit them to humans and so cause human 
infection. Flies are aided or hindered in this by certain characteristics and factors of 
human origin, among which are socioeconomic and technical levels, cultural mores, and 
household and personal hygienic practices. When community or personal practices permit 
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accumulations of fly-breeding media, the potential for human infection \ia fly-borne 
pathogens is increased, Such media are found in solid wastes of human and animal 
origin, To support this postulation, it will be necessary first, to associate flies with solid 
wastes; second, to ascertain that flies are carriers of human pathogens; and third, to 
demonstrate that flies transmit these pathogens to humans so as to cause infection and 
disease. 



EVIDENCE 

Flies breed in large numbers in human and animal excreta 355 ' 6801 3541 9i 3561 M4, 

121, 336, 194. 391, 152, 153, 193 , 314 , 301, 170, 77 as we H a3 j n food Wastes. 194 ' 6801 9,1 391, 622, 187, l52, 153, 

193, 442, 3H, 171, 443, 444, 181, 544, li, 49, 160, 77, 84 They are also found breeding in large num- 
bers in sewage sludge. 6881 644 Species preferences, type of breeding medium, and climatic 
and micrometeorologic factors have distinct effects on breeding habits, but a number of 
species are highly adaptable and breed in whatever medium is available. ,93 > 1E2, 644 

Nash 680 reported that, as early as 1902, he was certain that “flies bred in deposits 
of house refuse and manure” and referred to similar conclusions reached by others in 
1907 and 1908 (p.142 and p.149). Magy 84 lists the fly breeding media among wastes 
found in Orange County, California, and 13 species of flies associated with them. The 
media include crop wastes, livestock wastes, community organic wastes (industrial, food 
processing, and fertilizer plants) , residential refuse, commercial food handling wastes, leaf 
and litter debris, dead animals, solid wastes (sludge) recovered from sewage treatment 
plants, domestic animal manures, and miscellaneous wastes (dog and cat droppings, 
backyard compost piles, spilled garbage, etc.). Hart 475 states that manure management 
on concentrated livestock farms is a serious problem, principally because of the fly-breed- 
ing potential of fresh manure. Taiganides and others 490 state that manure is a health 
hazard and fly-breeding ground, and must be treated. Garbage discarded oy rural in- 
habitants produced flies (Garrison et of.). 160 Dorris 422 found that aquatic fly larvae are 
produced in large numbers in the sludge of waste stabilization ponds. Wiley 49 stated 
that a major problem of solid waste storage is fly production. 

Hartman 170 referred to the enormous fly production potential of chicken manure: 
“There was a time when [flies] were so thick that workers . . . had to cover their mouths 
with rags or handkerchiefs . . . . ” In discussing whey solids disposal, Scott 395 said: “Fly 
breeding nuisances can result from land disposal methods , . . . ” 

Miles 444 discussed the need to control waste collection and disposal methods to 
avoid fly breeding; fly production occurs at any point at which flies have access to waste, 
even in waste incineration plants. An unexpected result of attempts at fly-production 
control through use of insecticides in privies was discussed by Kilpatrick and Schoof. 301 
In untreated privies, few Musca domestica were produced; the major species bred was 
the soldier fly, Hermetia illucens. Treated privies showed the reverse: few soldier flies, 
but large numbers of domestic flies. The former, highly sensitive to the pesticides, were 
eliminated and the customary consistency of the medium, brought about by their pres- 
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ence, was changed so that the domestic fly, resistant to pesticides, found the medium to 
its liking. 

La Brecque 443 referred to dumps as sources of insects and to half-burned garbage 
as a source of prolific breeding of flies. Flies will emerge from as much as five feet of un- 
compacted cover in refuse; their eggs are deposited in the organic matter of the waste 
prior to collection or at the disposal site if it is not covered rapidly (Black and Barnes). 171 
Gotaas 314 said that good fly control is “difficult, if not impossible, when food attractive 
to flies is composted anaerobically in stacks in warm weather”. He stated further that 
“garbage, faeces, animal manure, abattoir wastes, and tomato and several other food proc- 
essing wastes, are excellent media for the breeding and development of a large fly popu- 
lation. If adequate control measures are not practiced, particularly when composting 
manure and faeces, the compost depot will be infested with extremely large numbers of 
flies and a health hazard almost as serious as that caused by open, uncontrolled garbage 
dumps will be created.” 

Black and Barries 442 stated: “It is generally conceded that one of the most im- 
portant reasons for burying garbage or mixed refuse is io control flies.” However, 
McGauhey 145 said that burying wastes in the soil may increase crop diseases and in- 
sects. Wolf 677 noted the fly-production potential of sludge drying beds and reported the 
experimental breeding of Musca domestica in digested sewage sludge of different ages, 
pH, total solids, etc. 

Webb and Graham 193 referred to enormous numbers of flies, including Musca 
domestica , found in association with a military post garbage dump in Canada. Experi- 
mentally they found that “human feces attracted practically all species of flies attracted 
to the other baits (cooked meat, milk-sugar mixture and chopped fruits) and usually 
in much larger numbers.” 

Siverly and Schoof 152 surveyed fly production in Arizona. They recovered Af. 
domestica from more than 50 percent of the samples and from 19 of the 21 different 
classifications of media. u Muscina spp ., in common with M. domestica , were able to 
utilize all general categories of production media — excrement, garbage, and miscel- 
laneous types . , . . ” Thrt preferences of other species are discussed. In addition, sea- 
sonal occurrence as related to species is mentioned as is the year-round adaptability of 
Af. domestica . These authors also developed a “production index” by assigning values 
of 1, 3, and 9 to light, moderate, and heavy infestations of media “whereby the degrees 
of fly infestation can be quantitatively compared during the four seasons”. They stated 
that “ . . . chicken and pig excrement, garbage, melons, and stock feed displayed the 
highest fly production potential.” 153 

Quartorman and others 187 mention dairies, an abattoir, and a city garbage dump 
as heavy fly-producing sources in a Georgia study. Golueke and Gottas 622 say, “Espe- 
cially serious are open dumps where flies — flourishing on exposed garbage and breeding 
countless new generations are paralleled in numbers only by a well-fed rodent population.” 
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Schoof and others 391 , reporting on surveys in three U. S. cities and suburbs, make 
the following statements: “Although numerous media such as fowl excrement, dog stools, 
sea food wastes, and dead animals yielded a higher percentage of positive samples in re- 
lation to the total number of the particular substrate located, the ubiquitous occurrence 
of garbage in the city overshadowed these as to overall significance in fly production. 
Dog stools and fowl droppings composed over two-thirds of the total positive excrement 
samples detected. Because of zoning restrictions, feces of the larger domestic animals 
were almost totally absent. In the miscellaneous categories, meat, dead animals, and 
coffee-grounds predominated,” “Household garbage (in containers and scattered) was 
the most frequent producer of positive substrates . . . ♦ “ This article is of significant 
interest in regard to fly production. 

McGauhey 91 speaks of the sanitary landfill as “at worst ... a dismal undertaking 
conducive to the breeding of rodents, flies, and other vectors of disease ♦ . . . ” Coffey 
and Dunn 465 list food wastes as food for flies. Maier and Baker 178 state that proper dis- 
posal of food wastes essentially eliminated all foci of intense fly breeding in a Texas 
county. 

1) Flies and Their Proximity to Humans, If flies are to function as vectors of 
human disease, it must be demonstrated that they are able to travel to human domiciles 
from breeding areas and that they have direct contact with man, his food or other articles 
or substances which can serve as intermediate means of transfer in the passage of disease 
agents. 

As to direct association, certain flies are so well adapted to man and his surround- 
ings that they have become known as ‘domestic* species. Others are adapted to man’s 
domestic animals. Other species are occasional visitors of human habitats. 

It has been shown that flies travel long distances from breeding areas to human 
dwellings. 187 - 188> 193> 186< 78, 84 Magy 84 noted fly dispersion of up to 20 miles from the 
source. Under “population pressure” and the ^dor of attractants, flies migrate readily 
from breeding site to sources of food and between sources of food. l8! * 186 - 381 5401 121p 3361 
194 , 395, i78, i87. 188 , 78 There is also evidence that Af. domestica is an instinctive wanderer. 188 

Since there is some question that adult flies are contaminated with human 
pathogens by their breeding medium, 300 contamination by organisms pathogenic to 
humans must be observed tc take place by other means. The wandering characteristic 
of many flies has been noted above. Specifically, their attraction to both excrement and 
human foods must have been observed and their contact with other sources of pathogens, 
and thence o ith humans, must have been demonstrated if the chain of events from waste 
to human is to be established. 

Some of the earliest observations refer to the visible tracking of lime used to treat 
human feces in latrines to food served soldiers in mess tents. Other observations attest 
to this potential or actual mode y: transfer of pathogens. 542> 193, 78 ' 361 » 179, 321, 319, 185 Much 
circumstantial evidence of such transfer is contained in the references given previously. 
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Direct contact of both bloodsucking and nonbloodsucking flies with humans is common 
knowledge. Occupational and recreational activities offer many opportunities of contact 
in areas where flies prevail. 861 17 °- 395 > 475 

2) Flies as Carriers of Human Pathogens. Recent writers 38 75 dismiss older 
studies of the passage of organisms through flies as not being sufficiently controlled, but 
accept older studies attesting to the ability of flies mechanically to carry pathogens. 
The evidence for both methods of potential transmission is contained in the material on 
individual disease agents presented in the next section. In summary, however, flies are 
shown to be capable of both means of carriage, depending on the organism involved. For 
example, Hawley and others 135 found that bacteria, when fed in sufficient numbers to 
flies, underwent multiplication and were excreted by them. Knuckles 679 found Salmonella 
schottmuelleri and S. typhimurium to multiply indefinitely and throughout the life of 
the blowfly [Phormia regina (Meigen)]. A large literature attests to the external car- 
riage of pathogenic organisms. 

3) Flies and the Transmission of Human Pathogens. Although earlier observa- 
tions of the possible association of flies with disease had been made, the Spanish-Ameri- 
can war gave impetus to that impression in this country, and led to great concern among 
public health officers about sanitary disposal of human excreta. Sternberg in 1899, in 
reporting “Sanitary Lessons of the [Spanish- American) War,” said, r ‘I find that the 
disease [typhoid fever] was imported by this regiment into its Cuban Camp . . . . ; 
that it was clearly not due to water-infection, but was transferred from the infected 
stools of patients to the food by means of flies, the conditions being especially favorable 
for this manner of dissemination by reason of the close proximity of the picket lines to 
mess-tents and latrines.” 388 In 1901, reporting on the Boer War hospital, Bowlby and 
others 648 noted that flies seemed to be especially attracted to enteric [typhoid] fever 
cases. This account reads as follows: “At Bloemfontein the flies were a perfect pest; 
they were everywhere, and in and on every article of food. It is impossible not to regard 
them as most important factors in the dissemination of enteric fever. Our opinion is 
further strengthened by the fact that enteric fever in South Africa practically ceases 
every year with the cold weather .... With the cold nights, the flies disappeared. It 
seemed to us that the cold weather reduced the number of enteric cases by killing these 
pests.” 



Similarly, in 1902, Dunne and Cantab 302 wrote: “The plague of flies which was 
present during the epidemic of enteric typhoid at Bloemfontein in 1900 left a deep im- 
pression on my mind, and, as far as I can ascertain from published reports, on the minds 
of all who had experience on that occasion. Nothing was more evident than the fall in the 
admissions from enteric fever coincident with the killing off of the flies on the advent of 
the cold nights in May and June.” 

In 1903, Nash 540 wrote: “I feel justified in ascribing the principal role in the 
causation of epidemic or summer diarrhoea to flies, more particularly the common house- 
fly and the blue-bottle fly. I maintain that flies are the chief agents concerned in carrying 
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faecal pollution to milk and other foods during the summer months.” He noted the co- 
incidence of the appearance of flies (Musca domestica) and epidemic diarrhea and the 
death of 13 infants from the latter within three weeks of its onset in the community, and 
the converse (the rapid abatement of the disease with the disappearance of flies). He 
was especially concerned with the availability to flies of midden and refuse heaps in the 
vicinity of cowsheds and dairies, and the contamination of milk which could follow. 

Aldridge 355 further indicted flies as transmitters of enteric fever, although he recog- 
nized that “we are still without experimental proof.” He stated: “It is a well ascertained 
fact that enteric fever is particularly prevalent where dry methods of removal of excreta, 
such as pail and earth closets and trench latrines are in use; that is, where flies have 
ample opportunity of crawling over the excreta, which they do not have in water-closets. 
There seems to be no doubt that in India, speaking generally, the seasons of greatest 
prevalence of enteric fever correspond pretty closely with the seasons of greatest preva- 
lence of flies.” 

Aldridge describes the spread of the disease and the circumstantial evidence match- 
ing it with proximity of flies and their access to latrines and messes. He states: “A 
study of the incidence of enteric fever shows that the stations where there are no filth 
trenches, or where they are a considerable distance from the barracks, all have an adrnis- 
sion-rate below the average, and all but one less than half the average.” He also notes 
the ability of flies to contaminate culture media with bacilli from excreta. 

Also, in 1907, Buchanan 360 conducted experiments in which the agents of typhoid 
fever, swine fever, staphylococcal abscess, pulmonary tuberculosis, and anthrax were suc- 
cessfully transmitted to culture media by flies, and noted the death of a guinea pig 
inoculated with the culture of the tubercle bacilli thus obtained. He made the following 
summation: “The experiments conclusively show that flies alighting on any substance 
containing pathogenic organisms are capable of carrying away these organisms in large 
numbers on their feet and of depositing them in gradually diminishing numbers on 
surface after surface with which they come in contact. They further serve to demonstrate 
the necessity for the exercise of stringent measures to prevent the access of flies to all 
sources of infection and to protect food of all kinds against flies alighting on it.” 

In 1908, Klein 303 reported that, in addition to a great number of B. coli communis, 
“limited numbers [of] a species of microbe which is not distinguishable from B. typhosus ” 
were found in cultures grown from minced flies. The flies had been obtained by Dr. 
Heywood Wilshaw from a locality in which enteric (typhoid) fever had occurred. 

Nash 680 in 1909 referred to Nuttall’s 1899 summary of the literature to that date 
dealing with flies in relation to disease and covering 350 references dating to the 18th 
century (p. 160). Flies were incriminated as carriers or transmitters of anthrax, plague 
("carrier state conclusively proved”), typhoid, tuberculosis, leprosy, cholera, and diarrhea 
(pp. 160-161). Nash blames the fly and calls attention to the rapid decrease in incidence 
of disease when frost kills off the flies so that “no ‘carriers’ are available” (p. 162). He 
points to the danger to infants from fly-borne disease (p. 164). 
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Major Faichnie, writing in 1909 in the Journal of the Royal Army Medical Corps , 
reported this incriminating data on flies: “Caton Jones pointed out that since a raid 
on flies had been commenced in Nasiribad, in 1904, the enteric fever rate there had very 
much diminished, and that the results obtained were partly due to a better system of 
trenching the night soil, by which the breeding of flies was prevented.” He wrote that 
“In Mhow, there was also a sudden diminution in enteric fever in 1907, which has been 
maintained ever since. This diminution coincides with the inspection of the station by 
Surgeon-General Trevor, who found the trenching grounds swarming with flies. Since 
then ... for eighteen months scarcely a fly has been bred there.” He felt that typhoid 
inoculations, which did not include all personnel, could not account for all of the reduc- 
tion in cases and noted that the water supply was pure. Further, “One station may 
swarm with flies, bred only from the excreta of cows and horses, and yet have not en- 
teric; while another place, where there are very few flies, but where these are bred from 
human excreta may have an epidemic. . . .It is the breeding ground that constitutes the 
danger . ...” 354 

Ainsworth, 199 in the same journal in the same year, had this to say: “I readily 
admit that the operations recorded and the arguments advanced in this paper are open 
to the objection that they afforded by scanty data upon which to base so important a 
conclusion that the house-fly is frequently the intermediary and probably by far the 
most common intermediary, in the propagation of . - . enteric fever. Nevertheless, . . . 
there is an isochronism . . . between the advent of the house-fly in Poona and the sea- 
sonal prevalence of enteric fever, which is highly significant and at least suggests that a 
prima facie case has been established for further investigation.” He demonstrated that 
seasonal heat and moisture “combined with suitable breeding media, will of a certainty 
produce flies.” He concluded that his charts on fly/enteric coincidence are sufficient 
proof of the fly’s role as intermediary and the acceptance of the disease as “probably” 
fly-borne. 

Dr. James Niven, 9 in 1910, noted that the “social condition” related to the health 
of infants had much to do with their death from summer diarrhea. He made the follow- 
ing observation: “The summer wave is not due to dust . . . There is nothing to support 
the view that the infective organisms are of animal origin, and the connexion between 
privy-middens and diarrhoea goes far to prove the contrary. The disease becomes more 
fatal only after house flies have become more prevalent for some time, and its fatality 
rises as their numbers increase and falls as they fall. The correspondence of diarrhoeal 
fatality is closer with the number of flies in circulation than with any other fact.” He 
stated also that “ ... no other explanation even approximately fits the case.” In asso- 
ciation with fly prevalence and numbers during summer diarrhea epidemics and the 
ability of flies to carry bacteria, Dr. Niven felt that it was “unnecessary ... to multiply 
references”. 

In this country, Ridlon 356 in 1911 reported on typhoid fever in Charlestown, 
West Virginia, and felt that “the most probable source in 5 cases was from flies. These 
cases were located within 200 feet or less of other cases where the disinfection of stools 
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vas inefficient, where there were no screens, and where the abundant flies had free access 
to both dejecta of patients and the food.” He notes that fly prevalence cap, be “greatly 
limited by proper care of their breeding places, including stable manure, household refuse 
and garbage.” He did note the possibility of numerous other sources of infection, includ- 
ing public water supply (highly contaminated), food, ice, and personal contact, but dis- 
counts water supply in the cases at hand. He ascribed ten cases to personal contact. 

In 1912, Cox and others 078 reviewed the literature dealing with bacteria carried 
by the housefly and reported their own investigations on this subject. They found that 
flies coming from "insanitary or congested areas of the city” (Liverpool) carried from 
800,000 to 5,000,000 “aerobic bacteria” per fly, while flies from the “more sanitary, less 
congested or suburban areas” carried 21,000 to 100,000 per fly. Similarly, the number 
of “intestinal bacteria” carried were greater in the former (from 10,000 to 330,000,000) 
as compared to 100 to 10,000 in the latter. 

It was found 078 that “Pathogenic bacteria and those allied to the food poisoning 
group were only obtained from the congested and moderately congested areas and never 
from the suburban areas.” The authors identified 126 strains of bacteria, among which 
were streptococci, staphylococci, sarcinae, B. pyocyaneus, several of the colon groups, 
including B. coli communis, salmonellae, “Morgan’s infantile diarrhoea group", and mis- 
cellaneous groups. 

Flies were soon incriminated in other diseases. Le Boeuf 358 in 1912 found flies 
( Musca domestica ) heavily contaminated with Hansen’s bacillus after their feeding on 
leprous ulcers. He thought that this fly was possibly an important factor in the spread 
of leprosy through deposition of bacilli in wounds of healthy individuals. 

In 1912, Rosenau 369, p ,S93 announced the “apparent” experimental transmission 
of poliomyelitis from sick to well monkeys by the bite of the common biting fly, Stomoxys 

calcitrans. 

Also in 1912, Anderson and Frost **• i’p - 17335 stated that their experiments showed 
conclusively that “in confirmation of (results) announced by Dr. Rosenau,” poliomyelitis 
was transmitted to monkeys through the agency of the stable fly (Stomoxys calcitrans). 

Brues and Sheppard in the same year felt that this fly (S. calcitrans) was impli- 
cated epidemiologically in the transmission of poliomyelitis (pp. 305-324). 370 

In a recognized classic, Flies in Relation to Disease: Non-Blood Sucking Flies, 
Graham-Smith summarized the evidence at that time (1913) in the following way 
(p.viii): “Far reaching conclusions founded on insufficient data at present available can 
fulfill no useful purpose .... It may be claimed, however, that a very strong case has been 
made out for the thorough investigation of the relation of non-biting flies to disease.” 121 
He stated also, “In order to determine with any degree of certainty the part really 
played by flies, we need more particularly a large amount of epidemic evidence such as 
would be afforded by changes in disease incidence following the control of the fly nuis- 
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ance. At present there is very little such evidence and until recently there was nona. 
Vague surmises have been plentiful, hut trustworthy observations few” (p. ix). He then 
proceeds to document existing information, pointing out the difference between fly con- 
tamination with laboratory cultures of organisms and natural contamination, criticizing 
earlier bacteriologic methods in the identification of bacterial species, and, especially, 
epidemiological methods (p. 125). However, on page 126, he states that “ ... in a few 
instances the evidence appears to be conclusive.” He notes the problem of identification 
of the agent of typhoid fever (p. 129). He states, nevertheless (p. 146), that “The re- 
ports relating to military camps in war time show very conclusively that flies are under 
those conditions the principal agents in spreading the disease [typhoid fever].” 121 

Graham-Smith is of the opinion that, as to dysentery, paratyphoid, and food poi- 
soning " ... no instances of infection by flies have yet been recorded” (p. 148). Of sum- 
mer diarrhea, he says (p. 172) that “The epidemic and bacteriological evidence is so 
suggestive . . . that an attempt to definitely settle the connection between flies and 
summer diarrhea by preventive measures against flies in a selected area seems now justi- 
fiable.” He feels further evidence for the fly-disease association is needed for cholera 
(p. 175), that the relation to tuberculosis is uncertain (p. 179) as it is in regard to an- 
thrax (p.186). He apparently accepts the evidence (Howe, 1888; Nuttall and Jepson, 
1909) for the spread of polio, but says, “ ... up to the present, we have little knowledge 
of what part [flies] play in the dissemination of disease” (p. 190), and extends this con- 
clusion to include smallpox, tropical sore, trypanosomiasis, and yaws (pp. 190-194). 121 

In 1913, Brues repeated his claim that epidemiologic and experimental evidence 
strongly implicated flies in polio transmission. I89 > pp.ioi-iio Terry, in 1913, in a study of 
typhoid fever in Jacksonville, Florida, stated: “I am fully aware that the facts above 
stated do not furnish all the requirements of strictly scientific proof that our typhoid 
fever was for the most part fly-borne, but it would appear that this was the case, as the 
only measures we have made use of to reduce our typhoid rate have been directed against 
this insect and the only change in sanitary conditions throughout the city has been 
the fly-proofing of the privies. I feel that we are justified in attributing the major portion 
of our cases, prior to the enforcement of privy law, to the house fly.” 336 

In 1914, Mitzmain 359 - pp - 75 ' 77 reported the successful transmission of ai.thrax from 
animals just dead from the disease to guinea pigs through the bites of stable flies 
(Stomoxys calcitrans) and horseflies (Tabanus striatus ). The organisms were recovered 
from the vectors. 

In another classic, The Housefly , C. Gordon Hewitt 194 discusses the habits of 
flies in relation to their possible association with human disease (pp. 89-96), the house- 
fly in regard to breeding media, and other fly species in relation to human domiciles 
(p. 201). He assembles evidence on flies as carriers of pathogens (swine fever, p. 204; 
intestinal infection, p. 200; eye diseases, p.213; anthrax, p. 201; and fly contamination by 
microorganisms (pp. 218-219). 

In 1921, Root 304 reviewed experiments dating back to 1913 on the carriage by 
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houseflies of intestinal protozoa In his own experiments, he found that cysts of C a < 
remained viable in the fly lor If- hours, that cysts of amoebae remained alive for ! u 
50 hours in the fly and that cysts of Chilomastix were viable up to 80 hours. He fun her 
commented that “If a fly containing a cyst is drowned in water, milk, soup, oi ->tber 
liquid food, the cyst will live still longer, about a week, and there seems to be a i i- 
bility that human beings might be infected by swallowing such drowned flies (pp. 13 l-i: ’. 
139, 150-163). 304 

Hall, in 1929, implicated flies and other arthropods in the transmission of helminths 
(pp.l, 2, 64, 69-72). 305 

Gill and Lai established in 1931 that cholera vibrios were capable of surviving n 
the fly for a period of at least five days. Furthermore, the fly was shown to be capahli 
of infecting food by its feces. They felt that, in hot countries, insect transmission ' > • 
of predominant importance and that “One of the most important, if not the mwi .... 
portant, method of controlling cholera is the provision of an efficient system of sanitary 
control, more especially in the collection, removal, and disposal of night soil and 
refuse.” 361 

In 1935, Craig 3 * by various epidemiologic arguments supported the transmission 
of amebiasis by flies, lit! discussed this in connection with the use of night soil on gar- 
dens (pp. 46-47), and discussed further an epidemic of the disease observed and believed 
by him to be vectored by flies (pp. 66-58). 

In 1938, Pokrovsky and Zima 179 stated that "there is not the least doubt that flies 
are carriers of helminth eggs, chiefly on the feet.” Their experiments showed that flies 
coidd carry the eggs of Enterobius vermicularis, of Diphyllobothrium, of Ascaris , of Hy- 
menolepis and cysts of protozoa. They found 47 percent of flies captured in food shops 
to be infected by such eggs. They emphasized the need for health education to correct 
this situation. 

In 1939, Manson-Bahr stated that “The evidence against the house fly is fairly 
complete” in association with transmission of dysentery bacilli. He noted the coinci- 
dence of epidemics of house flies with epidemics of bacillary dysentery and the decline 
of the disease incidence during periods when flies were rare. His conclusion from the 
works of others *vas that, to a limited extent, amebiasis could also be transmitted by flies. 
He also noted the possibility that human feces could serve to spread the disease through 
contamination of vegetables and fruit in those areas where night soil was used for agri- 
cultural purposes. Ho felt, however, that cholera was mainly a water-borne disease. 321 

Claphan, in 1939, showed that flies could sene as intermediate hosts of the nema- 
tode Syngomus trachea, a cause of “gapes” in chickens. While this nematode is ap- 
parently not a human pathogen, the work implicates fli^s as carriers of disease agents 
in general. 

In 1940, Craig and Faust 319 stated that “the contamination of food and drink 
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by droppings of flies that have fed on material containing the cysts of Entamoeba his- 
tolytica is an important method of transmission where flies are numerous and foodstuffs 
are unprotected from these insects. This method is most important in military camps, 
work, or recreation camps, and wherever large numbers of individuals are gathered to- 
gether and flies are prevalent.” In regard to leishmaniasis, they stated “Today the only 
insects considered to be transmitting agents are flies of the genus Phlebotomus .” How- 
ever, they noted the small number of successful attempts in the experimental trans- 
mission of the disease by this route. They commented that all attempts to that date 
to produce infection in man by bites of the sand fly, Phlebotomus papatasii, have been 
negative, although it was felt that oriental sore, a form of leishmaniasis, was believed to 
be most commonly transmitted in nature through the bites of this fly. The fly was 
proven experimentally to be contaminated by the organism responsible for this disease. 
It had been found possible to produce the sores in man by inoculating material contain- 
ing these agents which had developed within the fly, although “the crucial experiment 
of transmitting infection by the bite of the fly has not been successful.” Craig and Faust 
also noted the transmission of Trypanosoma gambiense by the bites of flies of the genus 
Glossina (tsetse flies). However, flies were not implicated in the transmission of Trypa- 
nosoma cruzi. The authors did not implicate flies in the transmission of Balantidium coli 
or Ascaris lumbricoides. Similarly, flies were not indicated as carriers of the eggs of trem- 
atodes pathogenic for man. 

Craig and Faust discussed the flies which are considered capable of transmitting 
pathogens to man and implicated the common housefly, Musca domestica, in the enteric 
infections — typhoid fever, salmonellosis, bacillary dysentery, cholera and amebic dysen- 
tery. They stated that the control of houseflies was responsible for the decline in typhoid 
epidemics. They equated the domestic flies with the spread of the pathogens of tubercu- 
losis, plague, tularemia, anthrax, brucellosis, typanosomiasis, leishmaniasis, acute catarrhal 
conjuntivitis (pinkeye), yaws, and trachoma. 3,9 

Sabin and Ward 366 demonstrated in 1942 the presence of poliomyelitis virus in 
batches of flies taken during epidemics of this disease in two major cities in the United 
States. They concluded that there was no doubt that flies were carriers of the agent, 
but, in these experiments, were unable to determine where the flies obtained the virus. 
They felt that the chief reservoir of infection lay in human excreta and that spread of 
the disease by insects was possible. 

Ostrolenk and Welch 357 demonstrated in 1942 that a potent strain of Salmonella 
enteritidis could survive the duration of the life of experimental flies. They stated: “In 
our preliminary studies of this problem we were able to demonstrate that flies are an 
extremely potent source of pollution organisms, particularly in those food plants where 
little attention is paid to sanitation and where the food is prepared for the consumer 
without a final treatment to destroy these organisms.” They found that the organism was 
transmitted easily and rapidly through several populations of flies and that these flies 
contaminated all surfaces with which they came in contact. They found that the fly 
carried the organism both externally and internally. They were able to demonstrate 
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transmission of food poisoning bacteria from flies to mice, and a retransfer from infected 
mice to flies. 

In 1943, Bang and Glaser 183 demonstrated the recovery of mouse-adapted human 
poliomyelitis virus from adult biting flies infected by feeding on mice. 

In 1943, Trask and others 1 * 1 recovered poliomyelitis virus from samples of flies 
collected within areas of epidemic poliomyelitis. The method of demonstration was the 
infection of Java monkeys by the intranasal and intra-abdominal inoculation of material 
obtained from the flies. 

In 1947, Roberts l8S concluded that while flies were proven carriers of the cysts of 
Entamoeba histolytica, flies in the urban United States were of little significance in the 
transmission amebic dysentery. They stated, however, that “in rural areas . . . particu- 
larly in the tropics, flies may prove of greater importance, for, under such conditions, 
t ot only do they tend to occur in greater numbers, but, owing to lack of sanitation, they 
have readier access to infected excreta and to human-food supplies.” 

In 1947, Melnick and others 176 carried out a fly-control program in association 
with investigations on fly-borne poliomyelitis. They stated: “A temporary reduction in 
flies was achieved . . . Under the circumstances, which were not ideal, there was no effect 
on the poliomyelitis control.” They pointed out why the results could not be considered 
conclusive. The experiment, however, was important in that it represented one of the 
first efforts which used modern insect control methods in the study of the epidemiology 
of suspected fly-borne disease. 

In 1947, James reported on the fly species that cause myiasis in man. He con- 
cluded that such species were “almost exclusively nonbloodsuckers in the aduit 
stages . . . * 

In 1948, Philip 378 was able to recover the agent of Q fever from houseflies (Musca 
domestica) caught at large in an animal room in which Q-fever-infected animals were 
kept. He was unable to transfer the infection between infected and noninfected guinea 
pigs to which houseflies had free access. However, the test organism was recovered from 
houseflies allowed to feed on infected material and shown to cause Q fever in injected 
test animals. 

In 1948, a second highly important experiment was conducted by Watt and 
Lindsay, 38 using modem insecticides as agents of fly control. These authors were critical 
of past observations on the fly as a vector of disease and stated: “Common assent has 
for years ascribed to the fly a major role in the spread of enteric infections. Evidence 
for this belief was incomplete and did not permit an evaluation of these insects as dis- 
seminators of disease.” They used treated and untreated towns, and studied the dissem- 
ination of Shigella and Salmonella as dependent variables. They then reversed the treat- 
ment and control role of the towns. They concluded with the following observation: “In 
the area of high morbidity studied, a significant reduction in the amount of infection, 
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disease, and death resulted from the degree of control established. The effect on Shigella 
infections was greater than on infections with the Salmonella group of organisms.” 

In 1949, Pipkin 27 stated: “Although the experiments of earlier workers are not 
to be discounted, it is thought that modem cultivation and techniques offer more 
critical and exact methods of evaluating viability (of cysts of Endamoeba histolytica].” 
His own experiments led him to conclude: “The passage of viable cysts of E. histolytica 
in the fly vomitus 64 minutes after initial ingestion and in feces four hours and 20 min- 
utes after ingestion offers a potential natural method of transmission under conditions 
commonly occurring in backward and rural sections which might possibly explain com- 
munity amebic infections.” 

In 1949, Melnick 365 was successful in recovering poliomyelitis virus from flies col- 
lected during an urban epidemic and transmitting the disease to monkeys inoculated 
with the virus from these flies. 

In 1951, Hawley and others 135 conducted experiments which consisted of feeding 
Musca domestica, the common housefly, with known numbers of Escherichia coli. 
Salmonella schottmuelleri, and Shigella dysenteriae. They found that flies that were 
fed fewer than 1,000 of the various species of organisms in a single feeding apparently 
did not pass the bacteria in their stools, but with increasing numbers of the bacteria 
fed, definite multiplication did take place within the flies as indicated by their recovery 
in the stools in greater numbers than were fed. These investigators found that the ex- 
cretion of the organisms remained at a high level for at least six days. 

In 1951, West in his book The Housefly 90 stated (page 266): “There is at the 
present time acceptable laboratory proof of the transmission of approximately 30 diseases 
(or parasitic organisms) by M. domestica and related forms.” The author implied that 
typhoid fever, paratyphoid fever, cholera, bacillary dysentery, infantile diarrhea, anthrax, 
conjunctivitis, tuberculosis, end leprosy are transmitted to human beings by flies, althougn 
no factual data of an epidemiologi', nature are presented. Similarly, he implicated 
viral disease, trachoma, polio, spirachetal disease, yaws, protozoan disease, amebic dysen- 
tery, and giardiasis. However, he stated: "Flies are rarely the sole t-ansmitting agency 
. . . and in most cases, their role, however, important, must logically be considered sub- 
ordinate” (p.272). Most of his discussion is with regard to the ability of flies to transmit 
disease organisms, and there is essentially no epidemiologic evidence presented or re- 
ferred to. 

Gerberich ,M reported in 1952, that chickens fed on infected flies were experi- 
mentally infected by Salmonella pul'orum. He concluded that his data established the 
housefly as a vector of S. puiVorum, and thus increased the potential area of bacterial 
dissemination to that of the range of the flight of the housefly. 

t n 1953, Melnick and Dow* 63 reported further on flies and poliomyelitis, and on 
Coxsackie virus and flies. They found that poliomyelitis virus was present in flies in 
the absence of clinical cases in the town investigated, and concluded that poliomyelitis 
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infections were common in spite of the absence of paralyzed cases. They state: “Intimate 
contact between persons is of unquestionable importance in the transmission of polio- 
myelitis. A problem which still remains unsettled is to what extent this added dissemi- 
nation of virus by flies contributes to the marked seasonal pattern of the usual polio- 
myelitis outbreak.” They remarked that there was no apparent true host-parasite re- 
lationship between polio and Coxsackie viruses and flies. They found that there was an 
apparent correlation between poliomyelitis virus recovered from flies and in privy speci- 
mens collected in the same area. Furthermore, they were able to transmit poliomyelitis 
from virus found in flies to monkeys. They concluded that other studies are needed to 
evaluate the importance of flies in the transmission of poliomyelitis during epidemics. 

In 1953, Francis and others, 364 reporting on the same 1948 epidemic of polio- 
myelitis referred to in the previous reference, stated that there was a marked correlation 
between the presence or absence of poliomyelitis virus isolations from privy specimens and 
from the flies tested as reported by Melnick (above). 

In 1953, Morellini and Sacca 329 refuted a number of previous claims or observa- 
tions associating flies with the dissemination of tuberculosis. Also in 1953, Corbo” 
reported a seven-year study on the trend of infant mortality due to gastrointestinal 
diseases in an Italian province. He observed that the mortality curve dropped consid- 
erably when houseflies were eliminated by the use of insecticides. He found also that 
where resistance of the insects to insecticides was present, infantile mortality due to these 
diseases was not reduced. 

In 1953, Lindsay and others 76 concluded from a s*udy that “During effective fly 
control in an area of moderate diarrheal disease morbidity, the prevalence rate of Shigella 
infections and the morbidity rate from diarrheal disease were significantly lowered.” 

In 1954, in a continuing study of pathogenic human viruses and flies, Melnick and 
others reported on a seasonal variation in which Coxsackie viruses appeared in some 
specimens obtained in the summer and fall, but disappeared in the winter and spring. 
Melnick found that Coxsackie viruses were recovered more regularly from sewage than from 
flies. The virus was obtained from flies in residential areas not otherwise revealing any 
source of contamination. 

In some instances, the virus was present in residential areas but not at the sewage 
disposal plant, the virus apparently having failed to survive the period of transportation 
in the sewerage. 

In 1956, Lindsay and Scudder 73 stated: “The nonbiting flies are probably more 
responsible for the transmission of the causative agents of enteric bacterial infections of 
all types than are biting flies, including mosquitoes.” These authors also said: “. . . In 
many tropical and subtropical areas devoid of modern sanitation, the principal factor 
influencing the spread of dicease agents by flies and other means is the degree to which the 
etiologic agents themselves aie present. This is also true in many marginal areas with 
inadequate sanitation and may likewise occur in areas of normal high standards during 
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temporary disruptions of sanitation facilities following disaster.” Because of the poorly 
developed status of bacteriological techniques and taxonomy in the years before World 
War II during which most of the studies on Passage of organisms through flies was per- 
formed, Lindsay and Scudder felt that controls on those experiments were inadequate 
and that the organisms involved are now impossible to identify in modern terms. They 
state, however, "By way of comparison, the earliest work on the ability of flies to serve 
as mechanical vectors is probably as significant today as when it was done.” These authors 
refer to important studies on shigellosis carried out by the United States Navy in Cairo, 
Egypt. In these studies, infant mortality declined and recurred impressively in connection 
with a decrease and increase in fly population associated with insecticide control efforts. 
They also refer to an unpublished demonstration by Dow of the feasibility of transmis- 
sion of the organism responsible for pinkeye by the gnat Hippelates, and to a relationship 
between school absenteeism, “sore eyes”, and numbers of this gnat. Murihead-Thomson 
was quoted as reporting in 1954 on an association between a fly species and epidemic con- 
junctivitis in India. Also cited were studies by Satchell and Harrison which "pointed 
most convincingly to the transmission of (yaws) in part by wound-feeding flies.” Lindsay 
and Scudder state further that “The causative agents of some 30 diseases in all have been 
associated with, or demonstrated by, laboratory techniques to be capable of transmission 
by nonbiting flies. Without indicating the degree of importance, it may be said that flies 
constitute one mode of transmission for the agents of si-ch diseases as cholera, and various 
protozoan and helminth infections." They said also that “The diverse findings shown indi- 
cate the need for systematic studies of the conditions that promote or inhibit the survival, 
multiplication, and passage of various microorganisms.” 75 Smith, 922 in 1957 stated that 
while claims (Rosenau, 1912; Anderson and Frost, 1912) had been made that biting flies 
could transmit poliomyelitis virus, others (McFarlan et of., in 1946) in fairly recent years 
were unable to confirm this either experimental!) or on epidemiologic grounds. The 
possibility of a mechanical transmission to man by infection of flies feeding on feces had 
attracted more interest. However Smith said: “There is ro evidence that it is of any 
epidemiological importance.” 

In the book Bacterial and Mycotic Infections of Man, 6 * 2 published in 1958, flies 
are not mentioned in relation to the epidemiology of anthrax (pp. 339-340), but are impli- 
cated as possible transmitters of salmonellosis and typhoid (p. 387) and bacillary dysen- 
tery (p. 397) through food contamination. In the same text, deer flies are reported as 
transmitters of tularemia (p.432). No mention is made, however, of any association with 
domestic fly species. No association of flies is made vith swine erysipelas and erysipeloid 
in man (p.461) in this book. Spread of cholera is attiibuted to flies (p.468). 662 

In 1958, Sehliessmann and others reported on a three-year study, completed in 
1957, on the relation of environmental factors to the occurrence of enteric diseases in 
mining camps in Kentucky. These authors found in their investigation that housefly 
abundance was not significantly correlated with morbidity or Shigella prevalence. They 
stated: “Lowest rates of reported diarrheal disease, Shigella-positive cultures and As- 
caris-positive stools were recorded among study families served by complete community 
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sanitary facilities . . - The highest levels of the three indexes were reported from popula- 
tions living where community sanitation facilities were entirely lacking. Individuals living 
in homes provided with inside pi|x?d water and privy excreta dis|>osal reported approxi- 
mately twice the diarrhea and twice the Shigella prevalence and over three times the Ascaris 
infection rate ex|x?rienced by individuals using piped water and flush toilets.” 

Of interest was a further factor — namely, that the population groups using privies 
showed lower infection rates of Ascaris and Shigella when water sources were inside the 
house than did those groups whose water source was outside. Lower rates also seemed to 
accompany the availability of installed bathing fixtures. Schliessmann and others felt that 
their results strongly sup|>orted "the premise that incidence of acute infectious diarrheal 
disease may be reduced significantly through selective modification of specific environ- 
mental factors within communities without regard to etiologic or sociotogic differences.” 
It is concluded that "s|)ecifie environmental improvements, based on a knowledge of local 
deficiencies, will invariably effect significant reduction in enteric disease,” 

In a World Health Organization re|>ort in 1958 ™ it is stated that the "inadequate 
and insanitary disposal of infected human faeces T eads to the contamination of the ground 
and sources of water supplies. It often affords an opportunity for certain species of flies to 
lay their eggs, to breed, to feed on the exposed material, and to carry infection/’ The 
report also states: "In different parts of the world, different modes of transmission may 
assume various degrees of importance T M some areas, water, food, and milk may be most 
important; in others, fbes and other insects; and, in still others direct contact may assume 
a major role. What is most probable is a combination of all . . The technica* ' jective of 
sanitary excreta disposal is therefore to isolate faeces so that the infectious agei.is in them 
cannot possibly get to a new host.” The report states also that "In temperate climates, 
excreta-borne diseases are usually more prevalent during warmer months when flies are 
more numerous and most active”. 

In 1959, Greenberg, 1 * 2 presented arguments as to why early investigations dealing 
with the transmission by flies of pathogenic organisms were unreliable. He reports on the 
variable success in the recovery of different species of Salmonella and of Shigella (lexneri 
from fly larvae, pupae, and adult houseflies. When organisms were recovered, he noticed 
a decrease between those found in maggots and those in the pupae stage. He found that 
a small number of the pupae were sterile or retained only a few bacteria. In a second paper, 
Greenberg noted 300 that both the transmission of Salmonella typhi or Shigella flexneri from 
the larva to the adult house f, y is consistently unsuccessful if the pathogen is introduced 
into a contaminated larval n edium. Under the same conditions, limited transmissions 
occur with an organism such as Salmonella enteritidis. He experimented with laboratory 
Chemical Specialties Manufacturers Association (CSMA) broth, human feces, garbage, 
and horse manure as fly-breeding media. Greenberg stated: "Some flies retained only a 
single species of bacteria whereas the majority of flies harbored an assortment of species. 
These species are widely distributed saprophytes present in tho feed, and feces of horses 
and other animals. . . . The inability or limited ability of the pathogens to propagate 
under competitie conditions in the various larval media likewise prevents or limits their 
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retention by the host. The author states “It appears that enteric pathogens are destroyed 
in the very environment required by maggots for their development.” In considering the 
infectivity of the newly emerged adult fly, he continues as follows: “Typical associates of 
newly-emerged houseflies are Proteus, Pseudomonas, and various Conforms. Justification 
for categorizing them as potential human pathogens lies in their increasing implication in 
diarrheal diseases, especially of infants. Certain of the true pathogens, for example, S. en- 
teritidis and S. paratyphi B., may also be present in the adult fly, but their numbers would 
probably be quite low considering the relatively low counts of most newly-emerged flies.” 
He stated also: "On the basis of dosage delivery, the risk of human infection from such a 
fly is probably slight.” He further states that “It should be emphasized that the successful 
transmission of pathogens is more often the exception than the rule when normal contam- 
ination of the larval medium is permitted. This has been shown for polio and other viruses; 
for Salmonella pillorum; for S. typhi; and Shigella flexneri; for several species of Lepto- 
spira; and for Toxoplasma.” For this last quotation, be refers to the works of other authors. 

Medical Entomology contains very little information concerning the fly-human 
disease relationship not already referred to above. The author does comment on the nui- 
sance value of flies as pests which interfere with man’s activities. 

Chandler and Read in 1961 reported a case of myiasis due to the fly, Psychoda. 
p 7M Thjg fly h a8 been found breeding in sewage sludge ew.rpM4-.vw, The authors asso- 
ciate the sandfly ( Phlebotomus ) with sandfly fever and leishmaniasis (pp. 672-673), midges 
(Heleidae) with filarial worms of man (p. 678), and hornflies ( Siphona irritans) with sen. 
ous losses in domestic animals (p.693). They associate stable flies (Sfomoxys) with sim- 
ilar effects on man’s meat and dairy animals, as well as with trypanosomiasis, anthrax, 
conjunctivitis in children, and the transmission of domestic animal parasites (pp. 694- 
695). They ascribe to the housefly the ability to transmit “filth germs, especially those 
affecting the eyes and the alimentary canal,” gonorrheal ophthalmitis, bacillary dysen- 
tery, and other enteritides (p.696). These authors also relate the eye flies (Chloropidae) 
to human eye infections and yaws (pp. 708-709). Some flies which breed in human and 
animal wastes are said to be the cause of some forms of myiasis (pp. 767-794). Other 
flies, while related to disease, cannot be related to waste because their breeding or feeding 
habits do not require waste. 6 * 8 

In 1962, Scott and Littig 895 discussed flies as nuisances. They stated: “Domestic 
flies can be a serious thieat to individual efficiency. In a fly-infested office the senior author 
has observed employees spending over fifty percent of their time swatting and driving away 
flies. Biting flies disrupt picnics and other recreational activities as well as the pioneering 
efforts of mankind.” The authors state that deer flies, horseflies, sand flies, punkies, and 
other biting flies attack man and cause him great discomfort. They state Mso that the 
stable fly can bite severely and the black fly can attack in such numbers that they kill 
the victir.i (whether the victims are small or large numbers is not stated). The invasion of 
tissue fly larvae (myiasis) is noted. These authors also state that domestic flies can 
mechanically transmit typhoid, paratyphoid, cholera, bacillary dysentery, infantile diar- 
rhea, amebic dysentery, giardiasis, pinworm, roundworm, hookworm, and tapeworm. 
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They ascribe the transmission of trachoma, conjunctivitis, and yaws to rasping flies. Biting 
flies are said to transmit anthrax and tularemia. Other fly-transmitted diseases named are 
African sleeping sickness, leishmaniasis, onchocerciasis, loaiasis, bartonellosis, and sand-fly 
fever. 



Horsfall in 1962 says in regard to the common housefly, Musca domestica, "Its 
exact role in the etiology of human diseases may never be fully known and undoubtedly 
varies according to the relative incidence of the flies. Situations where enteric diseases are 
endemic usually have sanitary conditions which also permit extensive development. Once 
the sanitation is good, incidence of both disease and flies declines.” 120 * 150 

Metcalf and Flint 86 in 1962 discuss (among other destructive insects) fruit flies as 
a source of damage or destruction of fruit (p.8I4). They refer to horseflies as the known 
carriers of loa loa, tularemia, and anthrax (p. 1008). They refer further to losses of human 
and supplies through the attack of these flies on meat and milk animate, whereby the 
animals lose weight and the yield of milk is decreased or the animals may be killed — 
either as a result of overwhelming attack or as a result of introduction of disease organism. 

A nice distinction between the problems presented by solid wastes in the bulk and 
in small, isolated quantities is made evident by the horn fly. This fly feeds on cattle, but 
deposits its eggs only in fresh cattle dropping.*. 86 * 854,1 It does not breed in accumulated 
fecal wastes. Due to the damage it inflicts on major source* of human protein, its depre- 
dations can lead to human malnutrition (see also reference 37). Yet, unless attendants go 
about collecting freshly dropped dung, control of this fly through solid waste management 
has no meaning for the prevention of disease — either animal or human. Nevertheless, 
fresh animal droppings are solid wastes and must be classified as such; at least some atten- 
tion to any health problems they might present is more likely to result from such an 
approach. 

Of the housefly, Metcalf and Flint (p. 1031 ff) say: “This fly is naturally infected 
with the pathogens of more than twenty human diseases and many authorities believe 
that the fly is an important vector of typhoid fever, epidemic or summer diarrhea, amebic 
and bacillary dysentery, cholera, poliomyelitis, and various parasitic worms. However, 
adequate epidemiological evidence is available only for bidllary dysentery.” They state 
that houseflies also serve as intermediate hosts of round worms of horses and tapeworms 
of cJrickens. 

Tarshis (1962), in discussing infectious hepatitis, 510 quotes other authors on the 
transmission of this disease by flies. 

In 1961, Bruch and others '' 51 had this to say about flies and diarrheal disease in 
Central America: "In Guatemala, the diarrheas and the dysenteries occur so frequently 
among children in the first few years of lift that they are the leading cause of death for 
the population as a whole. . . . Environmental conditions clearly are responsible for many 
secondary sources of infection and for indirect transmission by vehicles and vectors. Pol- 
lution of water by human wastes occurs readily. Fruit is susceptible to contamination in 
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its preparation and preservation. Flies are a hazard. On the other hand, living conditions 
are such as to favor direct contact spread. . . . Flies are especially frequent in September 
just as the rains end. The rather common increase in diarrhea in that month or in October 
may well be associated with flies.” 

In 1963, Greenberg and others M4 reported the results of a survey of a distribution 
of salmonellae in the fly population of a slaughterhouse in a central Mexican city. “Flies 
captured on offal had somewhat higher infection rates than those taken on manure: Ten 
types of salmonellae were recovered from the former and five from the latter (media]. In 
all, a total of twelve types was recovered from flies . . . Salmonella derbi was most preva- 
lent, followed by S. anatum and S. neic brunsuick .” The authors noted that the "slaugh- 
terhouse may serve as a meeting ground for the indigenous fly . . . and enteropathogenic 
bacteria from diverse geographic regions.” They further stated: “This study has shown 
that flies can be superior indicators of the presence of salmonellae in such on environment. 
Fly pools have many more Salmonella types and higher percentages of positives than 
either rats or livestock. . . . Flies were infrequently found in the slaughtering rooms and 
were probably of little significance here as compared wuh [other! factors. The most obvi- 
ous source of salmonellae for flies was carrion derived from the livestock. The higher 
recovery rates of salmonellae from flies captured over carrion compared with their coun- 
terpaits from manure suggest that carrion is a better source of salmonella than manure 
is.” M< 



The predominate type of salmonellae found in rats (namely, .S. typhimurium), was 
not found in any of the positive fly pools. Greenberg, et oi stated: “Flies were not at* 
tracted to rat feces because of the superior attractivity and quantity of offal manure.” The 
Authors noted that the food preferences and dispersal patterns of the various flies helped to 
determine their vector potential. Certain fly species were noted to have little contact with 
man, whereas others, such as Musca domeslica , were implicated in the fly-food-human 
cycle. Comment in regard to flies in relation to disease is of interest: “. . . in the abba- 
toir we studied, there is continuous year-round fly breeding, a fairly consistent feature of 
regions with high enteric disease rates, serving to maintain a constant vector pressure 
from flies. The public health danger from such mass-breeding, contamination, and disper- 
sion of flies is clear. In the light of our findings, any program aimed at reducing diarrhea 
and enteric diseases, in general, must include measures to eliminate fly and rat popula- 
tions from the slaughterhouse area.” M4 

Gupta and Preobragenski in 1964. reporting on the epidemiology of trachoma in 
India, say this about flies: “It has been established that an important role is played by 
the common house fly. ... the fly index rises More the onset of the two peaks of sea- 
sonal epidemic conjunctivitis. It has also been noted (hat the age-groups of children 
2-4 years — which is most exposed to flies — (having) not sufficient sense and capability 
to keep the fi.es ofl their faces — gets the maximum [trachoma) infection*’ (p. 47). w 

In 196), Greenberg** 1 made an interesting historical comment: “According to Al- 
dronvandi writing in 1602, the Greeks and Romans were well aware of the possible spread 
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of dysentery by the ingestion of flies accidentally falling into food.” With regard to his 
own experiments, the author attempted to infect humans, without causing manifest disease, 
by using very small doses of Salmonella typhimurium. He states that the absence of re- 
sponse was probably due to the subthreshold dose of lO- 1 and 10 s organisms, at least 100 
times lower than the number needed to produce symptomatic salmonellosis in adults. 
Greenberg concludes that “direct fly transmission of enteric infection to human adults ap- 
pears doubtful where generally high infective doses are required. On the basis of this 
preliminary study, it seems likely that bacterial infections can occur through fly contam- 
ination of food. Flies have manifold opportunities to serve as vectors where poverty main- 
tains a close association between domestic animals and people augmented by exposure of 
foods without refrigeration in market place and home. Fly mobility, demonstrated by 
the rapid dispersion of contaminated slaughterhouse flies, to market place, dairies, resi- 
dential sites, and a neighboring town three miles away, poses a health problem for the 
entire community, transcending economic class and location.” 

Following his Mexican slaughterhouse study mentioned above, Greenberg, in asso- 
ciation with Bornstein, 78 traced the flies they had demonstrated to be contaminated by 
Salmonella organisms to residential sites, market place, daiiy, and a neighboring village 
up to three miles from their origin. He concludes that this dispersal constitutes a health 
hazard for the 100,000 inhabitants of the area. 

Sacca 77 made some interesting quotations from sources not accessible to this study 
at that time. He states: “The fly’s ability to transmit tuberculosis, leprosy, yaws, eye 
infections, et cetera has been proved. The medical importance of this species is particu- 
larly evident for the epidemics of trachoma: It has been shown that fly control alone is 
more useful than the administration of anti-biotics and sulphonamides to the human 
population.” Brooke *** considers that it is possible that flies may be involved in the trans- 
mission of amebiasis in rural areas where there is considerable contamination of the en- 
vironment. He does not believe, however, that the fly is of particular importance in the 
spread of this disease. 

In 1965, Moore, de la Cruze, and Vargas-Mendes conducted diarrheal disease 
studies in Costa Rica.^* They state: "Variations in fly counts or in the bacteriologic 
quality of meat or milk, as determined, did not appear to be related to the variations of 
diarrhea morbidity.” Domestic animals were observed to harbor enteropathogenic bac- 
teria on some occasions but they were not demonstrated to be related to disease episodes 
in their owners. The authors felt that a bathing faciliiy was needed to obtain the best 
effect from piped water, with which 94 percent of the homes were supplied. 

In 1966, Shiker and others 891 p 1586 reported finding a definite relation between 
infantile diarrhea and fly population in Kuwait. 

DISCUSSION 

It was recognized as early as 1913 that much data — fly-contro’. experiments, im- 
proved bacteriologic techniques, and a better understanding of the epidemiology of the 
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diseases in which the fly was implicated as a vector — were necessary to demonstrate con- 
clusively that flies were indeed transmitters of disease. It was not until modern pesticides 
were available after World War II that fly-control studies were feasible, although, by hind- 
sight, it appears almost certain that the conditions present in the Boer, Spanish-American, 
and American Civil Wars permitted the dissemination of typhoid fever by flies. The con- 
clusion is weakened, of course, by the presence of other avenues of infection, but the evi- 
dence was and is convincing, especially following the experiments of Watt and Lindsay . 38 
The fall in incidence of morbidity and mortality due to shigellosis in the populations they 
studied, following reduction in fly populations and their return to former levels with 
discontinuing control or development of fly resistance, seems to be quite similar to the 
reductions seen in typhoid fever when fly populations were reduced by natural causes. 
When one considers the comparatively small doses of typhoid organisms needed to infect 
susceptible individuals, the free access of flies to excreta and food in conditions of primi- 
tive sanitation, the positive association of the fly with typhoid fever in such conditions 
is difficult to question now that the relation to shigellosis is demonstrated. Nevertheless, 
the unknowns of disease-agent ecology in the climatic changes associated with fly destruc- 
tion and suppression of breeding have not been resolved, and so there remains the possi- 
bility that the supposed relationship is coincidental. 

On the other hand, there is no doubt that flie* are mechanical carriers of a large 
number o' agents pathogenic to man. There is also a great weight of circumstantial evi- 
dence (and a lesser amount of controlled research) relating to certain fly species that are 
contaminated by, or bred in, solid wastes with the actual transmission of human enteric 
and eye diseases, although infection may involve a number of factors other than that of 
waste itself. Of course, distinction must be made between those species that breed in, or 
feed from, wastes of human or animal origin and those that do not. 

It is obvious that there is no simple relationship of flies to waste, but that species 
adaptability and adjustment vary greatly and -rust be considered in assessing an associa- 
tion .* 89 Nevertheless, there is sufficient evil*. the linkage to condemn practices in 
the disposal of wastes which permit fly propsg< .on. 

Due to present United States agricultural and food-processing practices, fruit and 
vegetable residues can overshadow animals' feces as sources of fly production. If the re- 
sulting flies have access to human and animal wastes containing pathogens, a threat of 
disease transmission exists. The marked adaptability of domestic fly species, however, to 
many kinds of solid wastes for breeding or food supply does not permit oversight of any 
waste suppoitive of fly populations. 

The systematic study of fly/waste/disease relationships has been neglected. The 
extent to which it must be conducted in respect to the solution of waste management 
problems is probably a function of the economic* and sociology of fly-control in general. 
That is, the decision to support this kind of investigation will no doubt be determined 
by the public’s a priori assessment of the risk — a typical paradox in public health — 
and therefore the degree of pressure exerted by the public, or the priorities established 
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from a systematic survey of all waste management requirements within the entire environ, 
mental health field. 



CONCLUSIONS 

Domestic and some other species of flies are definitely established as transmitters 
of disease. They are bred in enormous numbers in many types of solid wastes. However, 
in only a small number of investigations 1781 M ' "• 76 ' 76 havo there been any results from 
which a quantitative estimate of their part in disease causation was even remotely possi- 
ble. It is highly probable that, in the presence of exposed human and animal feces, flies 
contribute significantly to disease and mortality. This is particularly true among infants 
and children; in some areas of the world, flies transmit typhoid fever and cholera, and on 
occasion cause high death rates at all age levels. However, much remains to be learned 
as to the contributions of numerous factors, such as the relation of seasonal changes on 
disease agents and vectors and their individual or mutual effect on disease incidence. In 
areas in which sanitation (safe water supplies, indoor washing and bathing facilities, waste 
disposal, and refrigeration) and personal hygiene are at a high level, flies have little oppor- 
tunity to transmit disease. 

The role of flies in disasters which interfere with sanitation in developed areas can 
only be surmised, but it could be a dangerous one in view of the probable low level of im- 
munity to many enteric pathogens among the population in the United States (see refer- 
ences 739, 740, 741). 

Although much research is needed to clarify the role of flies even in those few 
diseases in which flies associated with solid wastes have been determined to be transmitters, 
the evidence overwhelmingly demonstrates that control of solid waste against the breeding 
of domestic flies greatly limits their population. Present knowledge of the dynamics of 
disease transmission, exposure, dosage, etc., permits the conclusion that such limitation 
can contribute to the prevention of fly-borne disease. 

RECOMMENDATIONS 

The control or possible elimination of fly species associated with solid wastes and 
human diseases requires expanded application of known methods of waste contiol and 
research to increase knowledge of control. In the literature it was pointed out that fly 
control is associated with reduction of morbidity and mortality from some infectious 
diseases. However, it was noted that, even in developed countries, people are relatively 
tolerant of flies. In this country, carelessness in regard to domestic garbage 16 °- 391 and 
the feces of domestic pets 84 ’ 391 is especially prevalent, and leads to significant fly 
production. 

From these observations it is possible to outline programs designed to help control 
fly populations implicated in disease transmission areas in which research could be under- 
taken include the following: 
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Fly ecology 

Fly predators and other enemies or parasites 
Fly attractants and repellants 
Interference with reproduction of flies 
Species-specific pesticides 
Physical agents of destruction 
Waste control (control of breeding media) 

Waste disposal (contamination control) 

Public motivation toward fly control (including educational material, effec- 
tive means of presentation and the like) 

It should be noted that problems of implementation are not taken into account 
at this stage. 

Of the items listed above, the last five are of most immediate concern to solid 
waste in its varied forms. There is a need to keep wastes apart from flies, to destroy flies 
finding access to waste, or to destroy the immature stages or eggs already in waste. 

Another approach would involve implementing the following programs: 

Known sanitary method of waste control and disposal 
Expanded public education 

Installation of full sanitary facilities in all homes throughout the country 
(eliminating privies in favor of flush toilets, providing piped water of sani- 
tary quality, instituting pollution control, and providing indoor washing and 
bathing facilities) 

All of these projects are of direct concern to solid was r .e management. 

A solid waste/fly-borne disease relationship has been established to a degree suffi- 
cient to prove the need for remedial measures in waste management when flies have 
access to breeding media and fecal matter or other sources of pathogens. While there 
needs to be more research on the actual role of flies and the degree understood to which 
they contribute to any disease, this knowledge is not material to establishing the need 
to control waste in relation to the fly hazard. Such a need has already been firmly 
established. 



Diseases Associated with Human Fecal Waste 

GENERAL 

1) Bacterial Infections. Typhoid fever, paratyphoid fevers A and B, cholera, and 
bacillary dysentery (shigellosis) are the enteric bacillary diseases in which man is the 
reservoir host (pp.258, 260, 172, 378). 324 Typhoid is apparently an obligate parasite of 
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man. 167 - p - 864 Paratyphoid C is thought to be primarily a disease o t animals. 324, p 264 
Paratyphoid B is sometimes excreted by animals. 324 » p- 280 

The role of other bacterial agents such as Escherichia coli is not entirely dear, 
although they are implicated in diarrheal diseases of children, the malnourished, and the 
aged. 



It is probable that the only important route for infection by these diseases is ano- 
oral, by either direct or indirect modes of transfer. Hand-to-mouth spread, directly or 
through food contamination, is probably the common mode of infection in this country, 
332 . we, 534 , 637 , 636, 641, 642 , 649 , 650 although waterborne dissemination occurs. 40, 63 However, 
waterborne bacterial enteric infection due to municipal water-supply sources in the 
United States is uncommon 31, 143, 168 ; nevertheless, even in advanced countries, water- 
borne contamination by bacteria from human fecal waste is common. 80 - 103, 109, 680, 480, 

684, 62 



Transmission of these diseases by flies is considered elsewhere in this report. 

2) Viral Infections . Clarke and others (1962> stated that in the preceding 15 
years, 70 new enteric viruses had been demonstrated in human feces and that the hazard 
of their waterborne transmission would increase as population growth caused greater 
contamination of water supplies. 755 

The viruses of poliomyelitis, of Coxsackie infection, and of infectious hepatitis are 
excreted in the stools of infected humans, but the modes of transmission are still being 
defined. G97 * p 8 Fecal transfer of polio virus, however, direct or indirect, is claimed by 
some to be the chief mode of infection for poliomyelitis 517, p <32 and for Coxsackie dis- 
ease. 417, p35: 697 * pp 8 9 Fecal transmission of infectious hepatitis is attested to by out- 
breaks of waterborne disease, 629, 652, 654 although person-to-person contact has been the 
chief means of spread in some epidemics. 628 « 627 Chang 31 believes that outbreaks from 
municipally treated water supplies are unlikely. Weibel and others 40 are of the same 
opinion. 

3) Protozoal Infections . Although intestinal protozoa of several species are found 
in man, only one, Entamoeba histolytica , appears to be a significant pathogen in the 
United States, unless other diseases, aging, oi malnutrition exist. 

4) Helminthiasis . The major worm infestations of human fecal origin are those 
due to the cestodes or tapeworms, such as Diphyllobothrium latum (fish tapeworm), 
Taenia saginata (beef tapeworm), Taenia solium (pork tapeworm), and those due to 
certain nematodes such as the pinworm (Enterobius vermicularis) . Also in this category 
are the human roundworm (Ascaris lumbriocoides) t the whipworm (Trichuris trichiura), 
the human hookworms (Necator americanus and Ancylostoma duodenale), and certain 
schistosomes. 

All ^>f these diseases depend on the transfer of the disease agent from human feces 
directly or indirectly to a susceptible human fo, new infection to appear. 
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Gordon, quoting the 1959 World Health Organization Epidemiological and Vital 
Statistics Report, (volume 12, p. 124), says that diarrheal diseases still rank among the 
five principal causes of death of young children in the United States. He states also that 
there is no guarantee that natural disaster or war will spare the United States, and that 
these catosthophes are and have always been associated with devastating intestinal dis- 
ease. 662 ■ P 160 - 637. P 363 

POSTULATION 



The known or postulated paths of infection for fecal-borne diseases in which man 
is the reservoir can be Bhown as illustrated in Figure 4. This diagram emphasizes the 
diverse pathways involved. Four major routes are easily identified: vector- borne; soil- 
borne; direct contact; waterborne. 





Figure 4. Huraan fecal waste/human disease pathways (postulated). 

One pathway is of special interest in that two biological agents potentially asso- 
ciated with waste (that is, the disease agent itself, and a vector — the fly) are implicated. 
Because of its still incompletely understood role and its possible importance to com- 
municable disease, fly-borne disease will be considered as a special case. 

EVIDENCE (SPECIFIC DISEASES) 

1) Amebic Dysentery and Other Intestinal Protozoal Infections . Alone among 
the amebas, Entamoeba histolytica is known to invade the intestinal wall of man. In 
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1935, Craig 318 discussed the transmission of amebiasis through the use of night soil on 
gardens (pp.46-47), the importance of flies as transmitters of the disease agent (pp.47- 
48), and an epidemic of the disease observed by him and believed by him to be vectored 
by flies (pp. 56-58), This latter observation he supported by various epidemiological 
arguments. 

In 1939, Manson-Bahr 321 reviewed the epidemiology of amebiasis and quoted the 
conclusion of Thomson and Thomson that houseflies ( Musca domestica) could transport 
cysts and pass them unchanged in their dejecta. Manson-Bahr concluded that, under 
certain conditions, houseflies could act to disseminate amebic dysentery to a “somewhat 
limited extent" He also felt that transmission was possible by human excreta through 
the agency of vegetables and fruit grown where human “nightsoil” was used as fertilizer. 

Craig and Faust 319 stated in 1940 that “the transmission of E. histolytica from 
person to person is usually accomplished through the ingestion of food or drink con- 
taminated with feces containing the cysts of this parasite.’ 1 They further stated: “The 
usual methods of transmission of E. histolytica are by the contamination of food or drink 
with the cysts by a polluted water supply; through the handling of food by infected indi- 
viduals; by the droppings of flies and other insects; and through the use of human excre- 
ment in the fertilization of vegetable gardens.” They felt that fly-transmission was im- 
portant in “military camps, work or recreation camps, and wherever large numbers of 
individuals are gathered together and flies are prevalent.” 

Jn 1940, Tsuchiya, 1U in a study of the incidence of intestinal protozoa among 
medical and dental students, reported that the prevalence of 2 to 5 percent found was 
approximately that discovered in New Orleans and Philadelphia in other studies. He 
stated that, with one possible exception, those students harboring E. histolytica gave no 
history of diarrhea or symptoms suggestive of clinical amebiasis. Tobie, 114 in 1940 used 
isolates from apparently healthy carriers among humans to infect all of a group of 26 
dogs. Amebic lesions were verified in the dogs at necropsy. 

Faust 113 in 1941 in necropsy examination of accident cases in New Orleans, found 
E. histolytica in 13 of 202 cases. Other “parasitic infections” were found, and 42 cases 
were positive for one or more parasites. 

In 1942, Strong, 198 in reviewing amebiasis, referred to the fecal transmission of 
the disease and gave the mode of infection as (a) contamination of food or water by feces 
containing the cysts, (b) the droppings of flies or cockroaches, (c) human excreta used 
as fertilizer, and (d) polluted water supplies (p.493). He quoted Lynch (1916) as find- 
ing Entamoeba histolytica in rats in the United States, and quoted Tsuchiya (1939) as 
indicating that the rat possibly infects man with this disease (p.494). 

In 1947, Roberts 185 implicated several genera of flies in the transmission of amebi- 
asis. This author stated, however, that it is now generally believed that, in urban areas, 
polluted drinking water and food-handlers are the main sources of infection with amebic 
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dysentery, quoting Craig (1935) and the United States Public Health Service (193o). 
This author also stated: “In rural areas, however, particularly in the tropics, flies may 
prove to be a greater importance . . . having readier access to infected excreta. . . 

In 1949, Pipkin 27 concluded from his experiments with flies that the “external 
carriage of stages of E. histolytica probably plays no important role in the transmission 
of amebiasis except in cases of gross neglect of sanitary rules” and that “it seems safe to 
conclude that although not impossible under usual circumstances, the ingestion of 
trophozoites by flies and subsequent deposition in their vomitus on human food or drink 
is not of great epidemiological importance.” The author did indicate, however, that the 
internal transmission of cysts of the ameba in the feces of the fly “offers a potential 
natural method of transmission under conditions commonly occurring in backward and 
rural sections, which might possibly explain community amebic infections.” 

In 1957, Neal 332 * p 31 made the following statement: “Information concerning the dis- 
persal of parasitic amoebae is almost entirely confined to the pathogenic species (Enta- 
moeba histolytica , which infects man.” Hunter and others, in 1960, referred to fecal 
transmission of this disease. 617, 15,271 These authors state that “while man is the principal 
reservoir of infection, amoeba which are morphologically similar to E . histolytica have 
been recovered from the dog, cat, rat and pig and various types of monkeys.” Trans- 
mission of the infection from one individual to another is said to be accomplished by a 
variety of mechanisms. The housefly and cockroach are implicated, and it is said that in 
some areas flies probably are important in the spread of amebiasis. Another mode of 
transmission is the fecal contamination of water, either through surface streams, shal- 
low wells, or springs. These authors also refer to the use of human excreta as garden 
fertilizer, and transmission by means of contaminated vegetables and fruit. 

Beye and others, 676 in 1961 found a 3.6 percent prevalence of E. histolytica in 
Puerto Rican preschool children bom in Puerto Rico but living in Philadelphia. It was 
their belief that the overall intestinal parasite reservoir among domestic and foreign 
agricultural migrants is large. 

Chang 31 in 1961 refers to the fact that only four waterborne outbreaks of amebi- 
asis had been recorded in the literature to that date. He stated that “the fact that the 
ratio of cyst density to that of coliform organisms in sewage (estimated on the basis of 
a 10 percent carrier rate) is approximately 1:100,000 and that cysts tend to settle out in 
sewage, sewage effluent, and water may very well explain the unlikelihood of water-borne 
amebiasis associated with municipal water supplies using even heavily polluted water as 
their raw source.” He went on to say that all outbreaks had been traced to sanitary 
defects in the plumbing system, but the editor noted that involvement of organisms in 
public water supplies was still “in most cases ... a matter of speculation.” 

In 1961, in the Proceedings of the American Society of Civil Engineers , 12 the 
following statement is made: “The resistance of the spores of Entamoeba histolytica 
to chlorine was so great that the absence of coliforms was no guarantee that the cysts 
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were also absent. . . . where chlorination was the sole method of water treatment, the 
protection against amebic dysentery was nil.” 

Sc"tt and Littig 305 in 1962 referred to the transmission by domestic flies of amebic 
dysentery and the protozoan disease giardiasis. 

In 19S2, Hoare 555 said: "Although [amoebiasis] is a typical anthroponosis, . . . 
natural infections with E. histolytica have also been reported from rats and dogs. But, 
since there is some evidence that the infected animals had been in contact with human 
cases of amoebiasis, it is thought that they derived their infection from man. This view 
was supported by the fact that rats and dogs are highly susceptible to infection with 
human strains of the dysentery amoeba” (see also reterence 310). 

In 1964, Brooke 653 reported that, on the basis of special classification of E. his- 
tolytica, it was estimated that the rate of infection for the general population in the 
United States was probably below 5 percent. However, he noted that the prevalence was 
higher in Southern states, rural areas of the country, lower socioeconomic groups, pa- 
tients in mental hospitals, and travelers from tropical countries. He Quoted Dr. Elsdon- 
Dew as stating that there may be very little correlation between the prevalence of the 
parasite and the occurrence of amebiasis. 

Brooke also raid that a survey of four selected areas in and around Little Rock, 
Arkansas, revealed 3.3 percent infection with E. histolytica. He stated that amebiasis 
will be found wherever poor sanitation exists, and noted that many of the reported epi- 
demics have been in the temperate areas of the world. He quoted a survey by the Com- 
municable Disease Center on five Indian reservations in which ranges in prevalence were 
from 1.5 to 33 percent. The survey did not permit correlation between any particular 
environmental, social, or economic factor and the level of prevalence. He noted prevalence 
of up to 70 percent infection with E. histolytica in wards of mental institutions. He felt 
that the transmission of the parasite in rural areas is probably through direct contacts 
with the fecal-contaminated environment. He stated: "The primitive sewage disposal, 
surface or pit privies, or no facilities at all is undoubtedly responsible for the contam- 
ination of the rural environment. In addition to the direct means of spread in the rural 
communities, consideration must be given to the possibility that contaminated wells, flies, 
and food-handlers may be involved in the transmission.” He reported that for a nine- 
member family in South Bend, there were eight E. histolytica infections, adding that 
“upon investigation it was found that this particular family, unlike the others, was living 
in crowded quarters and had an outside privy and a private well.” 

In 1964, Dixon and McCabe 109 refer to the finding of E. histolytica cysts in 
sewage. 

2) Cholera. In 1911, Herms 327 referred to the circumstantial evidence against 
the housefly in connection with cholera. He stated that cholera was one of the first dis- 
eases with which flies were associated as transmitters and "the experimental evidence 
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that since has been produced is no less complete than in typ'uoid fever.” He said also 
that "Without advancing the evidence as presented by Nuttall (18S9), the following 
statement made by that eminent authority will serve the purpose, viz.; ‘The body of 
evidence here presented as to the role of flies in the diffusion of cholera is, I believe, 
absolutely convincing.’ ” The data collected by Nuttall was not available in this study. 
In 1913, however, Graham-Smith 121 stated that he felt that further evidence was required 
to make the fly -cholera association. 

In 1931, Gill and Lai 361 said ir summary of their work: “The experiments re- 
corded above are admittedly meagre, and it is not at present claimed that they justify 
the conclusion that a true host-parasite relationship exists between the fly and the vibrio. 
It would, however, seem in the first place that the vibrios are capable of surviving in the 
fly for over a period of at least five days. . . . About the fifth day . . . the fly is capable of 
infecting food by its faeces. ... It has been shown that the infection of milk via the pro- 
boscis can take place up to 24 hours . . .” They also said that “it would be premature 
at present to discuss the significance of these observations, but they seem to suggest 
that . . . {the fly] may play a more important part in the transmission of cholera than 
has hitherto been suspected.” These authors conclude that “cholera may perhaps have 
to be numbered among the insect-borne diseases” and that “it would moreover appear 
that in hot countries, insect transmission is of predominant importance and that the 
strikingly dramatic outbreaks associated with the massive pollution of water are rela- 
tively rare incidents if not accidents in the natural history of the diseases.” 

Gill and Lai abo sU.te that “the pension of piped water-supplies and the rigorous 
disinfection of tho drinking water, combined with other routine measures, in the absence 
of measures designed to eliminate the gravely insanitary conditions which almost uni- 
versally prevail in Indian towns have proved of little value.” They conclude that “one 
of the most important, if not the most important, method of controlling cholera is the 
provision of an efficient sanitary control, more especially in connection with the collec- 
tion, removal and disposal of night-soil and refuse.” In 1939, however, Manson-Bahr 321 
stated that he considered cholera to be mainly a wr.ter-bome disease. 

In 1951, West 90 made the following statement: “ . , . cholera .... etc., are listed 
as bacterial diseases with the implication (but no factual data of an epidemiological 
nature) that they are transmitted to human beings successfully by flies.” 

In 1952, Coffey and Dunn, 465 without providing data, implicate the fly as a trans- 
mitter of cholera. 

In the report of a World Health Organization expert committee, 232 the following 
statement is made: “Waterborne diseases take a major toll and overshadow other en- 
vironmental health needs in importance; the enteric diseases, including cholera ... are 
the leading causes of death and disability in areas occupied by more than two-thirds of 
the world population.” The report further states “. ■ . the safe collection and disposal 
[of solid wastes) is largely a problem of administrative willingness, of finance and of 
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priorities. The problem of night-soil, however, is an exception for which further research 
is required. Research should continue in developed countries into improved methods of 
disposal.” Another World Health Organization report 234 in 1965, states: “In one large 
metropolitan area in the tropics, a focus of endemic cholera has maintained itself for 
decades; it is believed that until adequate water supply and sewerage facilities are pro- 
vided, this focus will continue to threaten other areas of the world with epidemics of this 
serious water-borne diesase.” The report goes on to say, “The Committee wishes to 
draw attention to the need for organizing the transport of garbage in the most sanitary 
and efficient way possible (especially in tropical countries), in order to assure proper 
control of diseases such as typhoid, plague, dysentery, cholera, etc.” 

3) Coxsackie Disease, In 1954, Melnick and others 28 recovered virus from flies 
in residential areas “where no source of contamination was obvious”. There was no evi- 
dence of multiplication of virus within the flies, but it was found to remain in them or 
their feces for up to two weeks. These investigators stated that the recovery of the Cox- 
sackie viruses was more regularly accomplished from sewage than it was from flies. They 
state that such virus had been found in the influent as well as effluent flow at sewage 
disposal plants. However, at times, it apparently did not survive, in detectable amounts, 
the trip from residential areas to the disposal plant. 

In 1957, Smith 332 - quoting a 1954 report by Melnick, Emmons, Coffey, and Schoof, 
stated that there was no evidence that infected flies played any part in the epidemiology 
of Coxsackie virus infection. 

Kelly and Sanderson 18 reported :n 1960, on isolating Coxsackie vims from sewage, 
both raw and treated. Chang in 1961 described the fecal origin of 30 types of Coxsackie 
virus, and expressed some amazement at the “complete absence of water-borne outbreaks 
of Coxsackie . . . virus infections . . .”. 31 

Clarke and others, 21 in 1961, referred to the failure of activated sludge treatment 
of sewage to remove Coxsackie virus if the effluents were unchlorinated. Clarke stated 
that activated sludge would remove 90 percent or more of the erteric viruses added to 
sewage, but that disinfection was necessary if a virus-free effluent were to be obtained. 
On the possible infectiveness of sludge, he stated that only a very small amount of virus 
could be recovered indicating that the sludge-virus complex is extremely stable or that 
most of the virus is in some manner inactivated. 21 A Committee of the American Society 
of Civil Engineers reported in 1961 12 on the need to disinfect fecal-contaminated water. 
In the face of Clarke's statement, it is interesting to see that Mack and others “noted 
a higher percent recovery of viruses [polio virus, Coxsackie, echo] from settled acti- 
vated sludge samples and from the liquid phase of sewage samples . . This report also 
refers to a “wide variation in virus removal efficiency of the flocculation process as 
studied by several workers.” 

In a 1964 report by Lamb, 98 group B Coxsackie and polio viruses were said to 
be most commonly found in sewage and river water collected in the period of July to 
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November* 1962, in a metropolitan area. Fifty of the samples collected were found to 
contain virus. Dixon and McCabe, reporting in 1964, stated that “many enteric viruses 
(Coxsackie, for example) may be present in domestic sewage , . * ” A report in 1964 oy 
McLean 3 is of interest in that it, like many others, indicates the difficulty of attempting 
to control many diseases merely by attacking cne phase of the total problem. He referred 
to the spread of vesicular exanthem cam d by Coxsackie A16 virus in Toronto, in 1957 — 
an action which may have been aided by the use of backyard swimming pools. It was 
also of interest that despite fairly heavy contamination on several occasions of ^ne 
Toronto Beach with sewage, viruses were not recovered from the polluted area. 

4) Infectious Hepatitis . Fecal contamination of water supplies by the virus of 
infectious hepatitis is evident in almost all studies of the transmission of this disease. 

In 1959, Mosley 344 commented on the probable water-transmission of infectious 
hepatitis and the fact that the virus is excreted in the feces, but was puzzled by the com- 
parative rarity of waterborne epidemics of the disease. Hunter and others in I960 617 
referred to the experimental evidence that human feces “constitute a source ot virus for 
natural infection and limited explosive water-borne, milk-borne, and food-bome epidemics 
. . .” (p. 54). These authors stated further that “epidemics are particularly prone to occur 
under conditions of poor sanitation and hygiene which favor the dissemination of human 
fecal material.” 

In 1961, Dauer 103 stated that the total number of hepatitis cases reported in the 
United States increased from about 23,500 in 1959 to about 40,000 in 1960. These cases 
included serum hepatitis infections as well as infectious hepatitis. Dauer reported that 
“Epidemiologic investigations indicated that three outbreaks could be classified as water- 
borne and one as food-t jme. Two of the three water-borne outbreaks occurred among 
school children whose drinking water at their schools came from wells. In each instance, 
contamination of the well with sewage was demonstrated.” 

In 1961, Chang made the following statement, “It appears that water-bome out- 
breaks of infectious hepatitis resulting from the use of municipally treated water supplies 
are unlikely. These outbreaks may occur, however, if the raw source is so grossly polluted 
by domestic sewage that the concentration of viral agents is such that it cannot be re- 
duced below infectious levels by the treatment procedures available to the local water 
system . . . The great majority of cases (reported in I960) were sporadic and of unde- 
termined origin. At the present, epidemicological evidence points to personal contact as 
the major route of transmission.” 

A Committee of the American Society of Civil Engineers reported in 1961, 12 that 
“complete control of the hepatitis virus ... in drinking water depends almost entirely on 
the disinfectant, as the virus is not eliminated or inactivated by coagulation, settling and 
filtration.” 

In 196?, in a discussion of a talk by Woodward, 17 the comment was made, 
“Cities with filtered water supplies show higher average morbidity rates than do cities 
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with ground wa1°r supplies. This suggests that hepatitis transmission may bo through 
water.” 

In 1962 Kabler 13 stated: “Infectious hepatitis is currently the only viral disease 
of humans for which the water-bome route of infection has been generally accepted, 
although it is believed that person-to-person contact is the more frequent method of 
transmission.” 

In 1962 Tarshis 630 quoted MacCallum and Bradley to the effect that human vol- 
unteers were readily infected by human feces administered by the oral route. This author 
also referred to his own investigations regarding fecal-transmission of the disease through 
cockroaches. 

In 1963 Langmuir 83 referred to the initial establishment of raw shellfish as “an 
occasional factor in the spread of infectious hepatitis ... in this country.” 

In 1963 Maynard, 538 reporting an epidemic of infectious hepatitis, stated: “There 
was good evidence of transmission of infection through person-to-person contact and the 
epidemic curve suggested this is the principal mode of spread.” Where water barrels were 
used as sources of water for homes, he stated that evidence of coliform contamination of 
samples taken from these barrels indicated "the very real possibility of faecal contamina- 
tion of water and possible spread of virus through this medium within the homes.” 
Mosley, in 1963, reported on outbreaks of hepatitis in urban areas and concluded that 
there was a definite relationship between the incidence of the disease and the type of 
sewage disposal available. "... It was demonstrated that the high rates were associated 
primarily with the presence of privies.” 639 He referred further to a report by Eaton of 
the significance of municipal sewage disposal facilities in regard to a hepatitis epidemic 
in Canada. The attack rate in families without sewage facilities was almost four times as 
high as in those with municipal sewage facilities. However, the author commented further: 
“The association of a higher attack rate with the presence of privies doec not indicate that 
the privy per se plays a direct role as a fomite in the transmission of the disease. Probably 
more important is the lack of running water for washing at the toilet.” He stared further 
that the epidemiological patterns suggested that the intestinal-oral spread of the disease 
is the major route involved and that “close personal and social contact with a case seems 
to be required.” 819 

In 1964, Dixon and McCabe referred to It.e occurrence of infectious hepatitis 
among construction workers at a sewage treatment plant but gave no data to support a 
causative relationship, and stated “A search of the literature shows no extensive surveys 
attempting to determine the actual incidence of infectious hepatitis in sewage workers 
and treatment plant operators." 

In 1964, Weibel and others referred to the transmission of hepatitis by means of 
drinking water. *° 

In 1964, McLean, 3 discussing contamination of water by viruses, said, “Epidemi- 
ologic evidence gathered during several . . . outbreaks in Pennsylvania, New York, Ken- 
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tucky, Austria, India and Australia has strongly suggested that they were caused by 
drinking water contaminated with infectious hepatitis virus. In this he quoted J. W. 
Mosley in that fecal contamination of the water supply was noted in each of these studies. 

In 1965, I/)bel and Robinson 627 noted, both in review of the literature and on a 
report of an outbreak of infectious hepatitis, a definite correlation between poor hygiene 
and sanitation and the incidence of disease, especially among children. 

In 1964, a World Health Organization Expert Committee on Hepatitis® 99 referred 
to the successful experimental transmission of this disease through the use of fecal filtrates 
from infectious hepatitis patients to volunteers by the oral route. The report stated fur- 
ther that "available data indicate that most cases of infectious hepatitis are due to per- 
son-to-person transmission, the effectiveness of which appeals to be related to the closeness 
of contact. Persons living in the same household as a patient are at the greatest risk . . . 
In most studies the lower socioeconomic groups have a higher prevalence of infectious 
hepatitis in childhood, piesumably as a result of greater crowding, poor sanitation, and 
less adequate personal hygiene.” Other means of transmission noted are waterborne and 
food-borne mechanisms, including municipal water supplies, milk, raw shellfish, and pre- 
pared foods. With regard to vectors, the report stated, "Mechanical transfer of the virus 
from faeces to food or eating-utensils by flies and cockroaches has been suggested, but 
there is no evidence that this mode of transmission has any significance." 

In 1965, Bums* 3 stated, "The epidemic indications point to transmission (of in- 
fectious hepatitis) by contact (oral or nasal?)." He refers to other work in which th9 
disease "has frequently been transmitted by feeding fecal suspensions to volunteers . ..." 83 

In 1965, a report of a World Health Organization Expert Committee 234 implicated 
fecal contamination of drinking water in the spread of infectious hepatitis. 

5) Poliomyelitis. In the period 1912 to 1913, there were a series of experiments 
which, according to the experimenters, successfully established that the stable fly 
(Siomoxys calcitrans) was capable of transmitting poliomyelitis to experimental ani* 
mals. **• ***• m 189 



In 1939, Paul and Trask 833 stated that poliomyelitis virus could be readily isolated 
from the stools of human patients and noted their own experiments in which monkeys 
were shown to develop poliomyelitis following inoculation of material prepared from sew- 
age. In 194 1, 8 * 7 the same authors referred to other experiments associating the polio- 
myelitis virus with human feces and sewage. They stated that, in addition to person- 
to-person, "there may also be a variety of other channels in which contaminated food, 
milk and water, or conceivably insects, mammals, or birds, play a part. That water- 
courses, and particularly water courses polluted with sewage, may be related to one of 
these channels is suspected." 

Sabin and Ward in 1942 *** demonstrated the presence of poliomyelitis virus in flies 
trapped during outbreaks of this disease. They were unable to discover the source of the 
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fly-carried virus. The fly species implicated was Mu sea domestica. They also stated "that 
. . . epidemiologically poliomyelitis seems more to resemble diseases “.1:^ typhoid lever 
and dysentery in which the chief reservoir of infection is in human excreta and both di- 
rect and insect spread may be possible.’’ 

The fly was implicated further in the possible transmission of polio by Trask and 
others 159 in 1943, in which the virus isulated from flies was used successfully to transmit 
the disease to monkeys. In 1949, Melnick 365 also successfully infected monkeys with virus 
recovered from flies. 

In 1953, Francis and others 361 referred to earlier recovery of the virus from stool 
specimens taken from outdoor privies. In the current study, they reported the recovery 
of polio virus from privies in four small Texas towns and stated: “A marked correlation 
existed between the presence or absence of poliomyelitis virus isolations from privy speci- 
mens and from the flies tested in a corollary study by Melnick and Dow.” 

In 1957, Dick 332 stated: “Claims have been made that biting flies could transmit 
polio virus (quoting the 1912 studies), but McFarlan, Dick and Seddon — 1946 — and 
others have been unable to confirm this either experimentally or on epidemiological 
grounds.” This author also referred to the material quoted above in reg°rd to polio virus 
and flies. Dick stated further, "There is no evidence of multiplication of the virus in 
flies. Whether or not the virus is carried purely mechanically is uncertain. Although most 
laboratory studies suggest that internal contamination of flies is a possible mode of trans- 
mission of poliomyelitis, there is no evidence that it is of any epidemiological importance. 
The best field evidence in this respect comes from the work of Paflenbarger and Watt 
(1953) who clearly demonstrated that fly control instituted before and during an out- 
break of poliomyelitis failed to reduce the number of cases or to affect the time course 
of an epidemic in fly-controlled cities.” 

In 1959, Mosley 314 stated: . . (a waterborne route) has been postulated for 

poliomyelitis, but no studies have been reported in which conclusive evidence was ob- 
tained.” 

In 1959, Moore 561 reporting on studies in Britain relative to seaside bathing; stated: 
"We have had very little success in isolating . . . pathogens [except bacteria) from sew- 
age-polluted seawater, partly no doubt because of lack of suitable enrichment procedures. 
Attempts to isolate polio virus failed." This author went on to say, “Study of bathing 
histories of poliomyelitis patients strongly suggests that in poliomyelitis patients who have 
bathed in the weeks preceding the onset of illness, the history of bathing is probably irrel- 
evant.” 

The 1960 Manual o/ Tropical Medicine by Hunter and others 517 has already been 
quoted in regard to the indirect and direct means of transmission of polio from feces. 

In 1960, Kelly and Sanderson 1 * reported the finding of polio viius in sewage. 

In 1961, Menus 195 referred to the fact that flies can harbor polio virus and, under 
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proper circumstances, can transmit it . . . However, proof is lacking.” In support of this, 
the Texas studies of Watt and Lindsay were quoted. 38 

In 1961, Chang 31 stated, “Of all the enterovirus infections recorded, only two 
water-borne outbreaks have been reported, both of poliomyelitis.” 

In 1962, Wiley and others 131 sampled sewage for poliomyelitis virus during an 
epidemic and reported “Overall recovery rates in twelve sample series were: 69.6 per- 
cent for polio virus type i, 7.4 percent for echo viruses, and 3.2 percent for type in polio 
virus. Enterovirus isolations varied from zero to 100 percent by sampling area, corre- 
sponding with case rates in the various socioeconomic areas. The recovery rates for type i 
polio virus from sewage, varied from 37.5 to 75.0 percent in different weeks.” Also in 
1962, Kabler 13 referred to the water-borne outbreaks of polio reported by Clarke and 
Chang, but stated that poliomyelitis infections do not appear to be related to water trans- 
mission. 

In 1959, Downey began a study “To define more clearly the usociation of entero- 
viruses and flies” and, in 1963, reported, “In an urban area . . . where fecal material is 
disposed of in the sewage system, it is likely that virus can be recovered from flies only 
in the presence of infection of epidemic or near epidemic proportions.” 735 The author was 
successful in recovering polio virus type I strains regularly in areas with a high degree of 
polio virus infection as manifest by clinical disease. "The converse relationship was noted 
in the second summer of the study when no clinical disease due to enteroviruses occurred 
[in the study locale) and no enteroviruses were recovered from flies.” 735 

In 1963, Horstmann 697 stated: “The exact manner in which polio viruses are trans- 
mitted from one person to another is imperfectly understood. Close association, however, 
such as exists in the family setting, is important in giving rise to contact infections . . . 
The main portal of exit is the intestinal tract and large quantities of virus can be found 
in the feces often for many weeks and occasionally for many months . . . Whether virus 
travels from the pharynx of one person to the oropharynx of another, or whether the 
fecal-oropharyngeal circuit in the major one, has not yet been firmly established . . . How- 
ever, although the evidence is not conclusive one way or another there is perhaps more 
data to support the view that poliomyelitis is an enteric infection spread primarily by 
contaminated excreta. Thus a poor sanitary environment is conducive to its dissemina- 
tion, a feature which does not have a parallel in infection spread by the respiratory route 
. . . Taking all the evidence together, the fecal-oral route seems the more important one, 
although direct pharyngeal-oral pharyngeal spread may also play a role, particularly in 
epidemic situations.” With regard to other modes of spread of the disease, she said, “Extra- 
human sources of polio virus spread . . . have never been regarded as being of particular 
importance. Although many animal and arthropod hosts collected in nature have been 
tested over the years, only flies and cockroaches have yielded polio viruses . . . The role 
of flies in dissemination of polio viruses has not yet been clarified ... It is obvious, how- 
ever, that flies are not essential to disseminaikm of polio viruses, since epidemics have 
occurred in Arctic areas under climatic conditions which preclude the presence of these 
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insects . . . The interpretation of the findings is difficult, however, and at this stage we 
are still unable to fit together the data in a satisfactory manner or to assess the importance 
of flies in the over-all epidemiological picture.” The author further stated: ‘‘Why epi- 
demics of enterovirus infection and disease have such a striking seasonal pattern remains 
unexplained.” 697 

In 1964, Lamb found that sewage and river water samples contained polio viruses. 
“About one-fourth of the river water samples contained virus. Group B, Coxsackie and 
polio viruses were most common . , . Raw sewage yielded the highest frequency of positive 
samples (80%).” 98 

In 1964, Clarke and Kabler 39 referred to the isolation of polio viruses from feces 
of "both paralytic and nonparalytic poliomyelitis patients". They stated, "The fate of 
viruses removed by activated sludge is not clear. Kelly’s data suggests that viruses may be 
inactivated by biological antagonists in the sludge complex, a suggestion substantiated by 
the isolation from sludge of at least four strains of bacteria with antiviral activity. The 
data of Clarke and others indicate that virus removal by activated sludge is an adsorption 
phenomenon. They were able to recover only a very small percentage of virus from the 
sludge-virus complex, indicating that the complex is very stable or that the virus is in 
some manner inactivated . . . there are still wide areas of ignorance in our knowledge of 
the effectiveness of modern sewage treatment process in removing or destroying viruses in 
sewage.” 99 

Weibel et al . 40 reported in 1964 only one waterborne poliomyelitis outbreak in 
the period 1946 to 1960. Hedstrom in the same ycar w experimentally polluted oysteis with 
polio virus and indicated that they might "function as passive carriers of the virus.” 

6) Shigellosis. In 1942, Watt et a/. 534 found a high rate (80%) of convalescent 
carriers of Shigella organisms. The investigators concluded, "individuals recovered from 
diarrheal disease may continue to disseminate the infection days, weeks or even months.” 
These authors noted a marked variability in carrier rates, however, among various locales 
in the United States. They state that the chronic carrier is uncommon and "of little im- 
portance to the spread of Shigella dysenteriae." M4 

In 1946, Hardy and Watt” 3 studied acute diarrheal diseases in four widely sepa- 
rated regions. They reported that "in all areas investigated, Shigella paradysenteriae 
group was found most commonly in these diseases. No other recognized pathogen was 
identified in a significant proportion of the cases studied.” They found "for every known 
infection (manifest source) there are numerous unrecognized infections (hidden source).” 
They also found a »ery marked variation in the prevalence of the organism, varying from 
0.1 percent in New* York City to 100 percent in New Mexico, with 4 percent found in 
Puerto Rico and 3 percent in Georgia. TVaths in positive cases were limited to infants 
under two years of age. Case-fatality rates were widely variant, ranging from no deaths in 
Georgia to 15.5 percent in New Mexico. 

In 1948, Watt and Lindsay 3 ® studied the morbidity and mortality rates from 
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enteric infections in towns undergoing fly control measures with controls provided by 
towns not undergoing such controls. They concluded, "In the area of high morbidity 
studied, a significant reduction in the amount of infection, disease, and death resulted 
from the degree of control established. The effect on Shigella infections was greater 
than on infections with the Salmonella group of organisms." 

In 1951, Hawley et al. 135 demonstrated multiplication of enteric bacteria, ( Esche- 
richia , coli, Salmonella schottmulleri, and Shigella dysenteriac) within flies fed these bac- 
teria. There appeared to be a threshold below which the number of o.ganisms fed did 
not result in multiplication. In 1952, Dauer 53 stated that "faulty methods of handling 
food and poor hygiene on the part of food handlers were frequent findings in investigations 
of outbreaks of food-borne disease, in which foods other than milk were the vehicles of 
infection, accoiding to 1951 reports of such outbreaks.” There was or.ly one report of an 
outbreak of Shigella infection with indefinite evidence of transmission by food or water, 
while seven outbreaks were thought to be person-to-person infections. 

In another fly-control study in 1953, Lindsay and others 76 found that during effec- 
tive fly control in an area of moderate diarrheal disease morbidity, the prevalence rate ot 
Shigella and the morbidity rate from diarrheal disease was significantly lowered. 

investigating high infant mortality rates from diarrhea and enteritis in the San 
Joaquin Valley, California, Watt et al. m found a prevalence rate of 3.0 percent of Shigella 
infection in the children of residents in labor camps and fringe areas of towns in the area 
studied. These rates were considerably higher than that in children living in housing 
projects with higher levels of sanitation. These authors noted, "Shigellosis has virtually 
disappeared from the communities of the United States with a uniformly high level of 
sanitation and housing. The relative influence of various factors has not been defined 
‘ ..-cause improvements in individual housing, water supply, garbage and sewage disposal, 
higher standards of living, and better education are usually concurrent and maybe ac- 
companied by, or the result of, community-wide changes.” 

In 1958, Schliessmann et al. *** studied the relation of environmental factors to the 
occurrence of enteric diseases in mining camps in eastern Kentucky from June 1954 
through June 1957. High morbidity rates from diarrheal disease were found, with Shigella 
isolation rateo of preschool children ranging from 0.7 to 10 percent in individual areas. 
The highest rates occurred in the four-year age group, while in the most poorly sanitated 
areas, very early infection was found, with the highest prevalence rates in the two-year age 
group. It was found that shigellosis "probably was responsible for the majority of acute 
diarrheal disease experiences observed in poorly sanitated areas, but was not a primary 
cause in the most well-sanitated area.” They could not implicate the fly in the trans- 
mission of shigellosis, but transmission ol enteric pathogens by polluted water could readily 
have occurred since water sources were subject to possible fecal contamination. They re- 
ported, "There were, however, no instances in which water quality could be implicated 
in disease outbreaks or correlated with seasonal differences in morbidity rates or Shigella 
prevalence. Lowest rates of reported diarrheal disease, Shigella-positive cultures and 
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Ascaris-positive stools were recorded among 6tudy families served by complete community 
sanitary facilities . . . The highest levels of [these] three indexes were reported from pop- 
ulations living where community sanitary facilities were entirely lacking. Individuals liv- 
ing at homes provided with inside piped water and privy excreta disposal reported approx- 
imately twice the diarrhea, and twice the Shigella prevalence, and over three times the 
Ascaris infection rate experienced by individuals using inside piped water and flush toilets. 
For the population groups using privies, Ascaris infection rates and reported morbidity 
rates were one-third lower, and Shigella infections were 60 percent fewer, among those 
who had water inside the house than among those whose water source was outside. Where 
the water source was outside the dwelling unit, Shigella and Ascaris infection rates were 
comparable regardless of water source location or relation to the premises. There were 
trends, however, to indicate that lower rates of Shigella and Ascaris infection accom- 
panied the existence of installed bathing fixtures. Desirability of installed hot water 
systems was also indicated . . . The results of this study strongly support the premise that 
incidents of acute infectious diarrheal disease may be reduced significantly through selec- 
tive modification of specific environmental factors within communities without regard to 
etiological or sociological differences. It is concluded that specific environmental improve- 
ments, based on a knowledge of local deficiencies, will invariably effect significant reduction 
in enteric disease.” 645 

Moore 6 ® 4 reported in 1959 on pollution of seaside beaches, "A colleague isolated 
Shigella sonnei once from direct plates of sea-water at a time when an extensive outbreak 
of dysentery was occurring in a community from which the sewage contaminating the sea. 
water was derived.” He stated: "We have had very little success in isolating [Shigella] 
from sewage-polluted sea-water, partly no doubt because of lack of suitable enrichment 
procedures.” 

In 1961 Dauer ,$s stated: “All outbreaks of shigellosis reported in 1960 were caused 
by Shigella sonnei. One waterborne outbreak followed a breakdown in the water treat- 
ment plant of a town . . . Another outbreak was traced to the water from a spring in a 
picnic area. Another rather large outbreak was reported in which the epidemiologic evi- 
dence pointed to some food eaten in a school cafeteria. In another instance students who 
ate in a college dining hall became ill with diarrhea, which was confirmed as shigellosis 
by laboratory testa of specimens. 5. sonnei was isolated from the stools of a cook who 
had gastroenteritis 5 days before the outbreak. In another outbreak, S. sonnei was also 
isolated from a person who prepared potato salad for a buffet supper in a home.” ,< * 

Sabin 660 stated in 1963: ", . . the impression gained from recent reviews is that 
the Shigeila bacteria are presumably the chief pathogenic agents of morbidity and mor- 
tality from diarrhea) disease in populations living under conditions of poor sanitation and 
hygiene . . . My own analysis of the available data led me to conclude that, particularly 
in children under 2 years of age, the rge group that is most important from the point of 
view of mortality, the Shigellae and other specific bacterial pathogens, while still impor- 
tant, may frequently constitute only a small proportion of the etiological agents.” The 
author noted that the high death rate due to diarrheal disease in general throughout the 
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world was in sharp contrast to the rates in this country, in reporting, “The extraordinary 
low level of diarheal deaths in infants achieved in the U.S.A. and Canada by 1955 appar- 
ently was associated more with other improvements in the standard of living than the mere 
provision of water and sanitary disposal of excreta in the homes already in existence in 
New York City between 1901 and 1920 ... On the basis of present knowledge that infan- 
tile diarrheal mortality has multiple causes, among which direct transmission of human 
enteropathogenic bacteria and viruses by dirty hands, consumption of food that has served 
as a culture medium for billions of bacteria, and malnutrition are perhaps the most im- 
portant, it is not surprising that it remains an important problem until very high standards 
of living are achieved in a population.”^ The author stated that malnutrition is of 
especial importance in the rates of infection and mortality of diarrheal in general. 

Gordon ct al. M1 reported in 1963 on the incidence of diarrheas and dysenteries 
throughout the world beginning in the year 1900. These authors stated that "Shigellosis or 
bacillary dysentery is the most common specific enteric infection among diarrheas of chil- 
dren. In countries with good nutrition, . . . this infection (has been shown) to account for 
% or more of cases . . . Shigella is less common in diarrheas of preindustrial countries 
where diarrheal disease is more prevalent.” The role of weaning and malnutrition in 
underdeveloped areas is emphasized. 

In 1963, Greenberg ?t al. S4i were unable to recover Shigella organisms from flies 
or livestock in a Mexican slaughterhouse. 

In 1964, Nakamura cl of. 126 found that Shigella organisms did not survive as long 
in natural untreated seawater as compared with autoclaved or filtered seawater. “There 
was r. wide variation in the ability of different strains to survive in untreated sea-water 
. . . The Shigellac were quite resistant to the osmotic effects of high concentrations of 
sodium chloride. However, survival depended a great deal on the holding temperature.” 

Reporting in 1964 on diarrheal disease in a children’s hone, Rosensiein found that 
“while the majority of cases are not of specific bacterial origin, a large number of chil- 
dren with Shigella and Salmonella enteritis continued to be seen . . .” 471 

Guardiola-Rotger et of. 436 reported in 1964 on the incidence of enteric organisms in 
Puerto Rico villages. Both villages studied had “poor living and unsanitary conditions.” 
The climatic conditions were quite different. "Bacterial enteropathogens were obtained 
from 31.0 and 19.0% of the cases studied at Manzanilla and Cialitos, respectively . . . 
The incidence of shigellosis was higher at Manzanilla (10.3%) than at Cialitos (3.7%). 
Shigella sonnet was isolated from 6 of the 7 cases of shigellosis at Cialitos, whereas at 
Manzanilla the Shigella ftcxncri group was more prevalent. Heavy infestations with other 
parasites were also found.” 

In 1965, Schneierson and Bottone** 1 studied Shigella prevalence in an underprivi- 
leged community by culturing the stools of patients admitted to the local hospital. The 
findings indicated “a considerable prevalence of shigellosis in the community . , . Most of 
the patients were children, 79% being under 12 years, and 60.6% under 5 years of age. 
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However, a greater degree of infection may be prevalent among adults (in the community) 
than is indicated by these data. Adults do not seek medical care for themselves as readily 
as they do for their children, espeo'ally since the disease is mild and self-limited in 
nature.” 



7) Typhoid and Paratyphoid Fevers. Early observations established the fecal 
transmission of typhoid or "enteric” fever and associated the spread with various direct 
and indirect modes of irfection. 3S8 - M8< ^ 354> - v;6 ' 316 It was noted that failure properly 

to dispose of fecal material and poor sanitation and crowding were associated with the 
rapid spread of typhoid fever. Flies were noted to be present in large numl>ers where 
“enteric” was found. These early observers could not dismiss as merely coincidental the 
disappearance of enteric fever with the killing off of flies by seasonal change. 

The circumstances under which these early observations were made are no longer 
prevalent in the United States. According to Dauer in 1952, M there were slightly more 
than 2,100 cases of typhoid fever reported in 1951 in the country as a whole, with only 
three outbreaks of typhoid reported. In the period 1960 to 1964, 3,376 cases were reported 
and, in the year 1964, reported cases were 486. 351 

The hazard of typhoid and paratyphoid infection as a result of bathing in sewage- 
polluted seawater was reviewed by Moore. This author criticized earlier studies (New 
York, 1930’s) because of the lack of modem bacteriologic techniques at that time. 
Moore examined 859 samples of seawater and stated, “The numerical preponderance of 
paratyphoid strains greatly exaggerated their importance . . . The few isolations of typhoid 
bacilli may, on the other hand, undetestimate the numbers usually present because of the 
greater technical difficulty of culturing this organism.” Epidemiologic studies were con- 
ducted, and it was reported that “An intensive efTort has been made during the past four 
years to keep track of enteric fever patients giving a history that pointed to an associa- 
tion with sea-bathing. The medical officers of health of about 80 coastal administrative 
districts kindly looked through their records of sporadic enteric fever notified in the 
previous five years to see if the paratyphoid morbidity' in costal areas differed signifi- 
cantly from the national figures. No evidence >f an increased paratyphoid incidence in 
seaside residence emerged from a scrutiny of these figures, and surprisingly few of the 
figures recorded have been in the age greup associated with sea-bathing. As a result of 
these inquiries, only four cases of paratyphoid fever giving histories that pointed to sea- 
bathing infection hAV» been detected in England and Wales during the past three years. 
It so happened that all four were associated with one or another of two beaches that had 
been intensively studied by members of the committee, and from which paratyphoid 
bacilli of the relevant phase types hAd been isolated beforehand. Both Ibeaches) were 
grossly . . . contaminated with crude sewage . . . One may then sum up the evidence of 
the risk of contracting enteric fever from sea-bathing by saying that less than one case 
a year of those that have come to our attention have given a history that suggested a 
sea-bathing infection.”** 4 

Dauer in 1961,'** reported on four outbreaks of typhoid fever in 1960: "... one 
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. . . was clearly waterborne, one . . , probably was waterborne, and two . . . were food- 
borne. In the first outbreak, six users of well 'ater developed tl^ disease. Investigation 
demonstrated that the well was contaminated from seepage from a septic tank used by 
a known carrier. In the other small outbreak the two persons affected lived in crowded, 
unhygienic surroundings, and had used water from a well that was susceptible to con- 
tamination from a septic tank. A resident of the immediate area who used these sanitary 
facilities was a typhoid carrier.” 

In 1964, Weibel and others 40 reported that, in the 16-year period, 1946 to 1960, 
there were 39 reported outbreaks of waterborne typhoid fever consisting of 506 cases. 
Eight deaths resulted. 

Hans Fey 321 stated in 1964 that typhoid fever occurs partly through contact be- 
tween persons, but chiefly thiough pollution of water and food. He stated that primitive 
living conditions and insufficient waste disposal are major factors in epidemicity. He 
stated further that paiatyphus a infections had the same mode of transmission as of 
typhoid fever. In paratyphoid b, man is considered the primary source of infection in 
the great majority of cases; however, the disease organism is occasionally excreted by 
animals and transmitted by means of food. The latter mechanism occurs but rarely in 
Europe. This author considers paratyphus c as a zoonosis in that the organism is found 
in meat animals rather than in man. 

In the same monograph Lachowicz stated: “A very serious problem in the con- 
trol of typhoid is sanitation, especially that of the water supply in the sewage disposal 
in the geographic regions where water sources are scare and people are forced to use 
surface water (for example, some middle Asian Republics of the U.S.S.R.).” 324 

In regard to the presence of endemic areas of importance in this age of rapid 
transportation, the following conclusion is drawn in the chapter "Les Salmonelloses en 
Afrique”: "Among the distribution of serotypes of salmonellae in the countries of Africa 
cited in example, . . . S. (/phi is the most frequent serotype in man.” 524 Also in this 
reference, the eflect of war on typhoid prevalence in Eastern Europe was noted: "Before 
World War II typhoid and paratyphoid incidence in the U.SS.R. had decreased to p. level 
of about 60 cases per 100,000 population as judged from figures available with respect to 
the Ukrainian S.S.R. in 1940. There was a great increase in typhoid and paratyphoid 
incidence during the war but it ceased soon, and not only the inter-war level but also a 
further decrease in the incidence has been achieved. It may be illustrated again by the 
typhoid morbidity rate per 100,000 population in the Ukrainian S.S.R. which amounted 
to 67 in 1947, to 18 in 1950, to 13 in 1953, and to 12.3 in 1956. A decrease trend like 
this, however, has not been observed in all the Republics. As a result the average typhoid 
morbidity rate for all the country in the mid-fifties constituted about half of that in the 
last inter-war years, probably about 25 per 100,000 population. The decrease trend 
ceased in the 1950‘s.” A similar decline of typhoid and paratyphoid incidence was re- 
ported for Hungary t.nd Romania but it was stated, "This is to a certain extent an 
exception among the Eastern European States as there has been only iittle change in its 
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typhoid-paratyphoid morbidity rate during the last 40 years. If, however, typhoid and 
paratyphoid are considered separately, a decrease of the typhoid incidence and an in- 
crease in the paratyphoid is apparent." 324 

In the same monograph, the decrease in "enteric fever" in Canada from the be- 
ginning of the century was noted. It was pointed out that "with the improvement of 
sanitation and hygiene, the wider distribution of pure (treated) community water sup- 
plies and of pasteurized milk, the limited use of TAB vaccines, improved methods of 
bacteriological diagnosis and a concerted effort on the part of medical officers of health 
to search out ‘carriers,’ the enteric fevers . . . typhoid and paratyphoid . . . have been 
slowly but steadily decreasing . . .” It was noted that in 1962, there were only 268 cases 
of “typhoid and paratyphoid" for all of Canada or a rate of only about 1.5 per 100,000 
population. 324 

Middelkamp 541 stated in 1965 that, "Typhoid fever is still one of the most com- 
mon febrile illnesses encountered in infants and children in tropical and subtropical coun- 
tries. The most significant factors that effected the decrease in prevalence of this dis- 
ease in the United States were: (1) The use of methods that provide us with sanitaiy 
food, water, and milk supplies; (2) detection of carriers and prevention of their employ- 
ment as food handlers; and (3) The administration of typhoid vaccine. This paper is a 
current appraisal of our experience with typho ; d fever in |>ediatric patients . . . during 
the 15-year period 1950-1964. Over this i5-year period there is a decrease in the num- 
ber of patients hospitalized with typhoid fever . . . Sixty-seven percent [werel under six 
years of age. Twenty-eight of these children lived in the city while twelve were from 
rural areas.” The investigation of the cases showed that five Salmonella typhi carriers 
were found in a survey of the contacts of the patients. Two of the carriers were the 
patient’s mother, one a grandmother, one an aunt, and one a neighbor. One child, an 
infant, died. One child remained a carrier fot five months following his discharge from 
the hospital. This author quotes Ashcroft as stating that, "Protection by good vaccines 
may be partial . . . The immunized individual may be protected against a small number 
(of organisms), but such an immunity could be overcome when a large number ... are 
ingested.” 541 

In a 1965 report, Van Dcr Schaaf and Atteveld M stated, "Biological sewage 
treatment is applied on a large scale in the Netherlands, In most cases suspended and 
dissolved organic matter is removed satisfactorily, but from the point of view of a vet- 
erinary and medical bacteriologist, the removal of pathogenic bacteria is far from com- 
plete. This causes contamination of the water in nearly all the canals, lakes, rivers, and 
even small brooks.” These authors make the following interesting comment: "Although 
typhoid officially does not occur in Utrecht, S. typhi can be cultivated from nearly every 
sample of effluent. Sometimes it was possible to isolate S. typhi for the first time from 
samples which had been stored during one month up to six weeks in a refrigerator. By 
that time quite a number of other kinds of salmonellae had already died of! and conse- 
quently no longer hindered the isolation of S. typhi.” 




70 



SOLID WASTE/DISEASE 



8) Tuberculosis. Solid waste has been implicated in the spread of tuberculosis. 23 
Experimental transfer to culture media of the bacilli by flies was reported in 1907 by 
Buchanan. 360 The relation of flies to waste has already been documented in this report. 
Graham-Smith 121 in 1913 noted that flies could carry tubercle bacilli but that “In con- 
sidering this relation to infection in the human subject the influence of dose must be 
taken into consideration” (p. 179). 

In 1965, Szulga and others® were able to isolate human tubercle bacilli from the 
milk of cows and from sewage used for fertilizing p .stares. In the same year, Buezcwska 30 
found that sedimentation and biologic purification did not remove tubercle bacilli which 
had survived in the sewage during the flow to the treatment plant. This author reported 
that disinfection of hospital and sanitarium sewage by means of discontinuous chlorina- 
tion in “small, uncontrolled treatment plants” proved ineffective. It was noted that con- 
tamination of the domestic sewage tested was derived from an area where the morbidity 
index of active tuberculosis among the population was 124/10,000. The danger from the 
use of sewage for the irrigation of forage-crop fields wis noted. It was also stated, 
"Slaughterhouse wastes may be regarded as contaminated if they are derived from 
slaughtering cattle with a high percentage of tuberculosis infection.” 

9) Worm (Helminth) Infestations. Fecal-borne human helminthic infections 
are well recognized. In 1940, Craig and Faust 319 stated that “Sanitary disposal of human 
feces containing the viable eggs of these tapeworms (Diphyllobothrium latum) will pro- 
tect communities ... In all known tapeworm infections, except ocular spar^anosis . . . the 
portal of entry is the mouth. Sanitary disposal of human excreta and those of domestic 
animals constitutes the more fundamental and more urgent public health problem.” In 
regard to Ascaris luinbricoides, the authors stated: “Man is apparently infected only 
with eggs from human sources. Human infection is acquired by ingesting fully embry- 
onated eggs which have been accidentally picked up from the soil polluted by Ihe same 
or other human beings, or from food or drink contaminated by viable eggs. Young chil- 
dren are more commonly infected than adults and more commonly pollute the soil." 
Schistosomiasis plso arises from improper disposal of human feces. Although inter- 
mediate hos*s (snails) are involved in the transmission of this disease, their infection 
derives from water polluted by human feces. The above authors stated that “All of the 
snails involved are sewage- /eeders.” 3,9 

In 1956, Lindsay and Scudder 71 stated that “Without indicating the degree of 
importance, it may be said that flies constitute one mode of transmission for the agents 
of such diseases as . . . helminth infections.” The importance of improper disposal of 
fecal waste is contained in a statement by Smith,* 32 who wrote in 1957, “. . . It has been 
estimated that perhaps some 200,000,000 people may be infected (by shistosomiasis).” 
This author also referred to the modem practice of crowding farm animals together so 
that they become contaminated by their own feces, whereas, in nature, they tend 
avoid such contamination. 

In 1958, Schliessmann and others* 4 * reported on the high rates of helminthic in- 
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fections among children in mining camp areas in the United States. They noted that the 
incidence of infection was related to the method of disposal of human feces. 

Hunter and others, in 1960, 617 also relate diseases due to helminths to improper 
human fecal disposal (pp. 41 1 , 412, 419, 420, 498, 503, 530, 547, 553, and 556). 

In 1961, Chang 31 stated, “Municipal water supplies are not known to be involved 
in spreading infections by any nematode. But small rural supplies in certain endemic 
areas could carry hookworm or strongyloidal larvae washed into the water from infected 
soil. These supplies constitute a mode of transmission of minor importance as compared 
to the soil itself/’ This author also speculated on the possibility of nonpathogenic nema- 
todes ingesting pathogenic bacteria and so protecting these bacteria from sewage treat- 
ment processes, so that they might survive and serve as sources of human infection, He 
noted, however, that “The chances (for this) are so small that the possibility must be 
considered as very remote/* 31 

In 1961, Beye and others 675 reported on the parasite reservoir in the United 
States and attested to the high incidence of helminthic infestations among the families 
of migratory laborers and among residents coming from tropical and subtropical lands. 
The possibility for spread to others in the community was noted, “Migratory agricultural 
workers number 1.25 million individuals, approximately one-half nationals from outside 
the United States and one-half workers from the Southern States. A population of 
this size may present public health hazards with respect to protozoan and helminthic in- 
festations and diseases.” They go on to say that “Although there are as yet no docu- 
mented instances of greatly increased transmission of protozoa and helminth associated 
with agricultural migration, this does not mean that increased transmission is not occur- 
ring. It could reasonably reflect that few are looking for signs of infection and the dis- 
ease is not yet manifest.” 575 

Jenkins 227 stated in 1961 that “. . . the possibility of worm diseases being spread 
by sewage sludge is considered.” He said, “Digested sludge from Pretoria could suffer a 
100 percent reduction in viable ova of Ascaris, . . . but sometimes only 85 to 95 percent 
inactivation resulted.” This author also quoted another study to the effect that digesting 
sewage sludge for 20 days at 35° C was necessary to inactivate the eggs of Taenia sagi~ 
nata t the human beef tapeworm. 

In 1962, Thomas W. M. Cameron 658 had this to say: “Taking the world as a 
whole, it was realized that parasitic worms had an importance comparable with the bac- 
teria, the protozoa, the spirochetes, the rickettsiae, and the viruses; in fact, in everyday 
deterioration of health, as causes of chronic debility, they are of more importance to the 
world than the acute infections caused by the microbes.” He went on to say that “. . . the 
common pinworm Enterobius vermicularis . . . infects nearly 50% of individuals in tem- 
perate climates, even when a relatively high standard of hygiene is maintained. The 
trichina worm . . . can also be extremely common, as it is in the United States .... Hook- 
worms and bloodflukes can be included among the causes of the half-dozen most serious 
diseases of mankind. Ascarids are just as common although possibly less serious and are 
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widespread.” The authors repeatedly refer to the importance of fecal contamination as a 
result of improper disposal, poor personal hygiene or other practices which lead to con- 
tamination of food or other agents of transfer. 658 

In 1962, Chang and Kabler 101 reported that “. , . The possibility that the effluent- 
borne nematodes are carriers of human enteric pathogens is quite remote under normal 
conditions.” 

In 1962, it was reported 316 that “The life cycle of (the common tapeworms) is 
maintained in areas where there is unsanitary disposal of human feces and access of the 
domestic animals to feed or water that has been contaminated with the excreta of a 
human being who harbors the tapeworm . . . The importance of the problem in different 
countries varies with the extent to which sanitary disposal of human feces is practiced, 
and with the meat eating habits of the people.” This book quoted Schwartz (1956) as 
saying that in the United States about 16,000 to 27,000 infected beef carcasses were 
found annually in abattoirs under Federal inspection, “However, to point up the im- 
portance of local conditions, Schwartz (1938) cited three examples of outbreaks of bovine 
cysticercosis with high rates of infection due to contamination of the feed and water with 
human excreta.” 316 

The importance of fecal sanitation is indicated in a report (1964) by Guardiola- 
Rotger and others 536 who found 80 percent of children in a village in Puerto Rico infected 
with helminths. 

Human fecal contamination of the soil has been found by Beaver (1964) to be re- 
sponsible for occupational disease . , . creeping eruption . . . among workers who must 
crawl over infected soil. 657 

In 1965, Fair and Geyer 215 reported that “the utilization of sewage sludges is cir- 
cumscribed by the hygienic hazards found. Pathogenic bacteria, viruses, protozoa, cysts, 
and worm eggs, can survive sewage treatment and be included in the sludge. There, they 
will persist for long times and cannot be fully destroyed by digestion or air-drying. Al- 
though the numbers of surviving organisms decrease appreciably in the normal course of 
events, only heat-dried sludge can be considered fully safe . . . Wet-sewage may be pumped 
on to land and plowed under . * . Sewage sludges may be discharged into water. Sea 
coast communities may transport . . . sludge to dumping grounds at sea. Wet-digested 
sludge may be discharged into large streams (more particularly in times of flood runoff) 

. . . or it may be pumped to deep lying and hydraulically active portions of tidal es- 
tuaries.” 

In 1966, Walters and Holcomb 383 stated, “Nematodes ingest enteric bacteria in 
certain sewage treatment processes and carry them out into the receiving streams. The 
absolute number of pathogens found would seem to be of secondary importance. If any 
enterics are ingested it seems logical to assume that enteric pathogens would be ingested 
in large numbers if the concentrations were very great in the sewage as would be the 
case in a local epidemic of a disease like typhoid fever.” 
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DISCUSSION 

1) Amebic Dysentery. Amebiasis due to E. histolytica is endemic in this country: 
The literature does not permit a clear explanation of how it is maintained, but reservoirs 
obviously exist in both large cities and rural communities. Carriers exist and presumably 
transmit the cysts by direct contact and by contamination of food or water. 

If, as has been stated, 31 transmission by water from municipal treatment plants 
is improbable, infections where treated water is provided must derive from gross fecal 
contamination of food or direct contact. 

These modes imply, where treated water is available, insanitary disposal of feces, 
failure to use the water supply for washing, or both. 

Increasing levels of infection are associated with heavy fecal contamination of the 
immediate environment 653 ; when this occurs, direct person-to-person or vector trans- 
mission is said to take place. 

2) Cholera. Cholera is not found today in the United States, x is a fecal-bome 
disease in which fecal contamination of the environment and direct contact appear to be 
the chief modes of transmission. It is frequently referred to as a water-borne disease. 
Flies are implicated as transmitters where they have access to human excreta containing 
the organisms. 

There are endemic foci in the world which provide potential sources of dissemina- 
tion to countries now free of the disease. 

3) Coxsackie Disease and Poliomyelitis. Although the viruses of these diseases 
are found in human feces and in flies having access to feces, the modes of transmission are 
still somewhat obscure and will probably remain so for some time. The widespread but 
incomplete use of polio vaccine serves to confuse epidemiologic investigation of polio- 
myelitis spread. The consensus is that both diseases are fecal-bome rather than con- 
veyed by the respiratory route. The degree to which they are transmitted by direct or 
indirect means is unknown. 

4) Infectious Hepatitis. Transmission of this disease is chiefly through direct 
contact or fecal contamination of water supplies, with the former responsible for the 
greatest number of cases. Since there is a higher morbidity rate reported from cities 
using filtered water as compared to those using groundwater, there is a question as to 
whether municipal and other water and sewage treatment is sufficient to remove or in- 
activate the causative agent. (This comment applies to other viruses as well.) The failure 
or lack of sewage treatment to inactivate the virus is borne out by the finding of out- 
breaks traced to shellfish growing in polluted stream estuaries. Higher rates of infection 
associated with the use of privies incriminates this means of fecal disposal. 

5) Shigellosis. This disease is apparently of lesser virulence in the United States 
than in countries of the Far East. Prevalence is related to overall sanitation, with the 




r 



74 



SOLID WASTE/ DISEASE 



lowest levels found where full sanitary facilities are available and the educational level is 
high. The fecal source of the infection is obvious, although the mode of transmission 
varies. Good personal hygiene, waterborne disposal of excrement, and indoor water sup- 
plies and bathing facilities are all necessary for reduction of infection. 

6) Tuberculosis. In the United States, there appears to be no evidence of fecal 
transmisison of tuberculosis, although this mode of infection seems possible in other 
countries. 

7) Typhoid and Paratyphoid Fevers . In the United States, the typhoid carrier 
is the chief source of infection, regardless of the exact mode of transmission from the 
carrier to the victim. Carrier-contamination of well water from privies or septic tanks is 
documented. Where flush toilets and adequate treatment of water supplies are not avail- 
able, waterborne outbreak of typhoid is possible. That sewage treatment is not neces- 
sarily dependable in suppressing typhoid is evident from European studies. Infection of 
children by familial carrier contact is a significant mode of infection. 

The incomplete protection from vaccines complicates the interdiction of trans- 
mission and the development of the chronic carrier state is common. 

8) Worm ( Helminth ) Infestations. The fecal transmission of human helminthi- 
asis is well documented. Where environmental contamination by feces is permitted, high 
infestation and prevalence rates persist. The hazard of failing to provide good sanitation 
for migratory workers, both to themselves and to the general public, is made evident by 
the high incidence of helminthic infection among these groups. Sewage sludges have been 
found to harbor the eggs of pathogenic helminths, raising the question of the safety of 
using unsterilized waste sludge as fertilizers or soil conditioners. 

9) General Discussion. There are a number of unresolved questions about the 
fate of fecal pathogens in the environment. The fact that typhoid organisms can be cul- 
tured from refrigerated surface water specimens in which suppression of other organisms 
has occurred, but not in unrefrigerated specimens, and the extremely low numbers of 
typhoid bacteria necessary for infection of susceptible individuals, suggests that changing 
environmental temperature in association with this organism following its excretion de- 
serves further study. 

Viruses provide a source of concern in that their fate in sewage effluents and sur- 
vival in water ultimately used for drinking is not defined. It appears that some of them 
may escape destruction in both sewage and water treatment operations. Further, dosage 
factors are not well defined. The agent of infectious hepatitis has not even been 
identified. 

The morbidity of a number of human fecal-borne diseases in the United States 
is high enough to suggest that considerable environmental fecal contamination occurs. 
The contribution of individual modes of transmission to this morbidity is essentially un- 
known. The influence of insanitary foci on the overall incidence of these diseases is also 
obscure. 
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Laboratory and epidemiologic methods need further development to help in an- 
swering the questions arising from these and similar gaps in our information. Further- 
more, the relative importance of socioeconomic conditions and cultural practices in 
contributing to dissemination of fecal-borne disease of human origin is not fully defined. 

CONCLUSIONS (HUMAN FECAL-BORNE DISEASES IN GENERAL) 

The worldwide misery and death due to diseases of human fecal origin have been 
made evident. In the United States, infant mortality and adult morbidity are high in 
certain populations lacking sanitary fecal waste disposal. These groups are a continuing 
risk to themselves and to the remainder of the population. 

Certain municipal areas, geographic regions and industrial and agricultural activ- 
ities in the United States have entirely inadequate facilities for the proper disposal of 
human feces and thereby provide a grave risk to the persons directly exposed. They also 
constitute chronic reservoirs for the spread of infection beyond their borders. The Sta- 
tistical Abstracts of the United States for 1962 (Bureau of the Census, Department of 
Commerce) states that, of 59,326,000 housing units identified in the 1960 census, 18.2 
percent (10,615,332) lacked or had dilapidated plumbing facilities. (“Plumbing facilities ,, 
are defined as (1) hot and cold running water inside the dwelling; (2) flush toilet and 
bathtub or shower inside.] A further 7.8 percent showed deterioration of facilities. 
Nearly 6 million (10.3%) had toilet facilities other than flush toilets or none at all (see 
p.xxxvm); 7.1 percent lacked inside piped water (p.xxxvi). 

While other factors — water pollution, lack of washing facilities, human carriers, 
personal hygiene, flies and possibly other vectors — contribute to the dissemination of 
these diseases, failure to dispose of human excrement in a sanitary manner and to destroy 
the contained pathogens is by far the most important factor. 

RECOMMENDATIONS 

In general, fecal wastes must be disposed of in such a way that they cannot con- 
taminate the immediate environment; that vectors are denied access to them; and that 
they cannot contaminate food or water supplies. Corrective measures must be applied 
to the extent that these criteria are not met. 

The literature makes clear that sanitary waste disposal alone will not realize 
optimum prevention of disease. However, little can be accomplished without it. There- 
fore, the fi’-st recommendation is: 

1) Installation of Sanitary Feces Disposal and Treatment in: 

Substandard permanent residential areas in or bordering municipalities 

Rural residences 

Migratory and construction labor camps and other transient residential areas 




76 



SOLID WASTE/DISEASE 



Municipalities where sewer overload and treatment plant bypass by sewage is 

possible 

Small communities lacking adequate sewerage or treatment plants 

Industrial plants failing to supply or use adequate facilities 

Special problems attendant on local economy, geology, water supply, governmental 
jurisdiction and effectiveness of known methods of disposal and the like will have to be 
overcome. An existing technology is available to provide sanitary waste disposal and 
treatment, but other factors may interfere with its application, for example, the costs 
per capita for sewerage in the small community, the isolation of rural residences and the 
renovation and sewer installation costs in older community areas. New techniques may 
be required and this suggests the second recommendation: 

2) Research on Disposal of Fecal Wastes 

While waterborne disposal of feces seems to be the most protective of the present 
methods of disposal, especially of the immediate environment and individuals involved, 
the prevention of more widely disseminated disease does not appear entirely assured under 
present treatment methods. 

Definitive, integrated studies on the fate of viruses and other fecal pathogens in 
disposal systems should be instituted. The efficacy for the destruction of pathogens of 
various treatment methods, both of sewage and of drinking water supplies, should be 
investigated. 

The use of fecal colon organisms is no longer dependable as the sole criterion for 
water quality. A bellwether human virus, or bacteriophage, should be identified, if pos- 
sible, to serve as the E. co!i of the submicroscopic organisms. 

Controlled studies on entire regional waste disposal and water supply systems 
should be carried out to define fecal-borne disease hazards. They should include inte- 
grated microbiologic and epidemiologic studies within the regional systems and among 
insanitary foci and their environments. 

Further, new methods of destruction of pathogens may be required. A recent 
report by Allen and Soike ( Science , 1966, 154:156-167, October 7) refers to complete 
and almost instantaneous destruction of microorganisms, including a virus (the bacterio- 
phage t~2), by electrohydraulic treatment of suspensions of these organisms. The ap- 
plication of such innovations to sterilization of wastes or drinking water should be 
studied. 

Although not applicable at present in the United States composting of night soil 
:is of considerable interest to some countries. It3 safety is not fully defined. 

New and varied approaches may have to be used to correct deficiencies in fecal 
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waste disposal at places of rural, isolated and transient human occupation. Advance 
biological treatment systems should be studied for use under these circumstances. 

In summary, a large number of studies and research projects are needed to define 
or refine our knowledge of fecal-borne disease. Presently available techniques of fecal 
waste disposal and treatment however, are sufficiently dependable significantly to reduce 
existing morbidity in areas lacking these techniques. Therefore, corrective action does 
not always require the completion of extensive research projects. Nevertheless, the prob- 
lems of the future — increasing populations, limiting pollution levels, costs of sewerage, 
limited space and the like — require that systematic research be instituted in the near 
future. 

3) Public Education 

Although some authors feel that much can be done to prevent human fecal-borne 
disease without education, or that education will accomplish little, especially in the ab- 
sence of disposal sanitation, these views may be prejudiced by the limits of present edu- 
cational material or effort. 

This education must begin with the very young and in the schools. It is recognized 
that lack of sanitary disposal facilities and easily accessible water supplies can tend to 
defeat education, but a demand among the instructed could develop for better sanitation 
and hygiene. Much bad personal hygiene is due to familial and cultural practices or to 
ignorance, yet good personal hygiene can exist with rather primitive sanitary facilities. 

Joint research efforts are required to develop effective educational material and 
effective means of teaching and motivating people in guarding against the spread of these 
diseases. 

4) Disaster Waste Disposal 

What has been developed so far in this field should be summarized and made a 
part of the total solid waste body of knowledge. In addition, criteria should be developed 
and applied within the waste-disposal research program. 



Disease Associated with Animal Fecal Waste 

Other fecal-borne diseases in which man's domestic animals are the reservoir 
hosts, or which can serve as hosts, are known to infect man. They comprise all of the 
major categories of microorganisms noted above under diseases of human fecal origin. 
Figure 5 shows possible modes of transmission. 

GENERAL 

Hull 167 lists a number of zoonoses which are transmitted to man by way of animal 
feces (pp. 915-924). He mentions first, the intestinal protozoan, Balantidium coli of the 
pig (pp.435-436); second, some of the helminths such as the pig Ascaris and animal tape- 
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worms (p. 444) ; third, the hydatid worm, Echinococcus granulosus (p.445); fifth, the 
salmonellae for which animals are the main reservoir (p. 210) etc., and fifth, a small num- 
ber of other infective agents. He states that although there are large numbers of species 
of protozoa found in vertebrate hosts, very few are known to infect man. The species of 
helminths of animals transmissible to man were reviewed in 1962 by Reed and McMillan. 658 




Figure 5. Animal fecal waste/disease relationships (postulated). 

In view of the breadth of subject, it will be impossible in this report to review all 
of the diseases in this group individually; it must suffice to show the complexity of the 
problem of zoonoses in its association to waste by reviewing the subject of salmonellosis 
and referring only briefly to some of the others. In this section, the salmonelloses of 
human origin will not be discussed. 

The relationship between flies, wastes, and the salmonelloses are covered elsewhere 
in the report. In summary, flies are known to transport the bacteria; in some cases, the 
bacteria have been shown to multiply within the fly. 

EVIDENCE 

1 ) Salmonellosis. In 1947 the medical research council of London reported on 
the importation of strains of salmonellae to Britain during World War II. 647 These 
strains were noted not to have been found in Britain previous to the war. They were 
traced to imported dried egg products from the United States, Canada, and the Argentine. 
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The report concluded that “the epidemiological and bacteriological evidence submitted in 
this report leaves little doubt that the introduction into this country of American spray- 
dried egg led to a considerable increase in the amount of food poisoning and other forms 
of Salmonellae infection in the human population, and to infection of some, at least, of 
our farm animals”. In the United States, of 53 outbreaks of poisoning occurring in 1951 
in which “poultry, meat, and eggs, were found or suspected to be the vehicle of infec- 
tion,” eight proved to be caused by salmonellae. 53 In that year, a total of 850 clinical 
cases were reported. 

In 1953, in a study of a California county, Watt 539 and others found that salmonel- 
losis was a relatively infrequent infection in all the California groups studied. The prev- 
alence rate found was only 0.4 percent. The study groups were in labor camps and in 
town fringe areas. 

Hull, ie; reporting on a study by McCullough and Eisely, stated that twelve strains 
composing six types of salmonellae all caused illness in human volunteers when sufficient 
numbers of the bacilli were fed. Within these types and strains, however, the infective 
dosages ranged very broadly. Hull stated that most domestic animals and commensal 
rodents harbored the infective agents. Man was also a host and could spread the disease 
through his own feces. Hull also discussed modes of transmission through contaminated 
meats and eggs. He stated that Hobbs in England incriminated boneless meats, carcass 
meats, meat and bone meals for fertilizers, and animal feeding stuffs as providing sources 
for salmonellae contamination. Canned meat, packaged mixes for the kitchen, bakery 
goods, dried eggs, and many other food substances have also been determined to be 
vehicles for transmission of the disease agent (pp. 210-231). 167 

Jellison reported in 1951 on attempts by others to transmit salmonellosis by means 
of fleas. 156 The pathogens were noted to survive in the fleas for up to 96 hours, but trans- 
mission by bite was not demonstrated. 

In 1958, Schliessmann and others 545 were able to demonstrate only rare salmonellae 
isolations from over 11,000 rectal swab cultures collected from mining camp populations 
in the United States. 

In 1958, one text 682 stated: “The source of all Salmonellae infections is a reservoir 
or organisms living in the tissues of human beings or animals. Infections occur through 
food, milk, or water contaminated with infected feces or urine, or by the actual ingestion 
of the infected animal tissues. . . . Infection with most Salmonellae apparently requires 
the ingestion of large number of organisms, but in the case of S. typhosa relatively few 
bacilli are sufficient to cause typhoid fever.” The means by which water may be con- 
taminated by infected feces is discussed, and human infection due to shellfish contam- 
inated by polluted waters is noted. 

In 1959, Smith discussed the transmission of salmonellosis in association with 
slaughterhouse procedures and the part played in salmonellae infection in animals by 
infected feeding stuffs. 
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Harvey and Phillips 695 noted in 1961 that a large bakery was demonstrated 
to be regularly contaminated with salmoneliae. Many serotypes were found in abattoirs. 
They stated: “Parallel examination of abattoirs, swabs, and excreta from human infections 
for S. typhimurium . . . provided information of the geographically local nature of much 
sporadic illness due to this serotype . . . The phage-types of S. typhimurium isolated from 
the slaughterhouses not infrequently corresponaea with the strains isolated from human 
infections.” 

In 1961, Anderson and others 342 reported on a two-month period in 1958 in which 
55 separate food-poisoning incidents, comprising 90 cases due to Salmonella typhimurium, 
phage-type 20a, were reported in Southeast England. There was one death. It was stated 
that “though net conclusive, the evidence strongly suggested calf meat as the vehicle of 
infection in at least three-fifths of the incidents.” 

In 1961, Dauer 168 stated that in disease caused by salmoneliae organisms, “The 
wide distribution of the many types of this organism in many species of animals with 
which man has contact or may use as food makes it difficult to prevent transmission to man 
... In addition to the animal sources of infection, human carriers and patients have many 
opportunities to contaminate food ... it can be argued persuasively that there is a real 
need to improve the reporting of both waterborne and foodbome illness as the first step 
of the development of effective control measures. There is also real need to study more 
intensively and extensively the epidemiology of . . . Salmonella infections because these 
causative agents are widely distributed and their ecologic factors are complex.” 

In 1962, Ayers 316 reviewed the material on salmonellosis due to contaminated food. 
He noted the worldwide distribution of salmoneliae types by the importation of animal 
and human food stuffs. 

Pratt and Wisenvm stated in 1962 in regard to salmonellosis: “Meat and othjr 
foods contaminated by unsanitary conditions, including infective feces of rats and mice, 
are generally considered to be the prime source of human infections. It is possible that 
human infection can be contracted directly from the bite of an infected flea or from food 
stuffs contaminated with their feces.” 398 

In 1962, Galbraith and others 104 stated that “survey of garden fertilizers in Eng- 
land revealed 13 percent contamination with salmoneliae.” Concern was expressed for 
permitting such fertilizers to be sold in shops selling food for human or animal consump- 
tion. It was stated, however, that “the risk [of spreading infection] is probably small.” 

The hazard of using fish wastes and offal was discussed in 1962 by March and 
others. 583 In this report, Shewan stated: “From the small amount of data available, it 
is clear that fish and fishery products can be the vehicle for all of the more important 
types of bacterial food poisoning (including salmonellosis).” Shewan stated further that 
“all the available evidence shows . . . fish normally do not suffer from salmoneliae ... in- 
fections. . . . They may well carry these infections if caught in polluted waters but this 
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risk is of much less importance in marine fish than in fresh water species for the dangers 
of pollution in rivers and lakes can be very real. 11 This author summarized data on infec- 
tion of fish taken from rivers of probable high contamination with the disease organism, 
and added that “although it is not suggested that the fish suffer from these infections, 
they do appear to act as intermediate hosts for man, with the lakes themselves acting as 
immense reservoirs.” He stated also that fish caught in the open sea are free from sal- 
monellae and the shigellas. “It is to be expected, however, that once the fish have been 
handled on ship and on shore, some contamination from human sources is likely to ensue. 
Fecal contamination, as evidenced by the presence of E. coli and fecal streptococci, in- 
creases during handling and processing/’ Shewan also said that “in recent years there has 
been an outburst of salmonellae epidemics, chiefly in West Germany, which could be 
traced to imported fish meal. These salmonellae spread to humans via livestock.” 

In this same reference, 683 Kawabata noted the high incidence of salmonellae food 
poisoning in Japan where fish consumption is high. Cultural habits, particularly those of 
eating fish raw, are noted as playing an important part in these infections. Guelin noted 
contradictory findings among authors reporting prior to 1962 but stated that, “as a whole, 
the results show the accidental character of the presence of Enterobacteriaceae in fish.” 
He then reported on experiments on the artificial contamination of a single species of fish 
with E. coli . He found that the contamination by both the bacteria and by coli phages 
was not of long duration, but stated that it would be necessary to repeat the experi- 
ments with other species of fish and other enteric bacteria. In the same reference, 
Buttiaux stated: “Recent publications have proved the negative results of studies under- 
taken to find salmonellae and other enterobacteria of fecal contamination in marine fish 
caught in the open sea. Certain observations indicate, however, their presence in fish 
when they are marketed fresh or dispatched from the filleting or icing establishments.” 
He said that “edible oysters, mussels, and other shellfish are, on the other hand, very 
often infected by salmonellae, because the indispensable sanitary precautions are neg- 
lected in the cultivation areas.” In regard to the survival of salmonellae and other entero- 
bacteria in seawater, he stated: “The data hitherto collected are still highly inadequate. 
... It is generally considered that salmonellae are no longer found where E. coli and coli- 
forms are controlled or have disappeared. This reasoning results from the neglect of two 
basic principles during experimental studies.” He stated also that “[Some] publications 
show that it is not exceptional to find viable salmonellae in seawater contaminated by 
polluted water . . . Other authors have confirmed that fish never contain coliforms when 
caught in the open sea . . . stated that on the other hand everybody recognizes that fish 
may become infected through their intake of food when staying in seawater contaminated 
by sewage water or polluted rivers. This rule applied also to freshwater fish.” He noted 
the problem of poor sanitation in the spread of salmonellae to fish, and added that 
“salmonellae carried into the sea by an outflow of untreated sewage affluents may easily 
contaminate mollusks and fish in adjacent waters. . . . Those [fish] caught in polluted 
littoral zones may be contaminated by bacteria. Most salmonellae in fish are procured in 
the handling, transporting, or processing operations when these are carried out under in- 
adequate sanitary conditions. Edible mollusks concentrate salmonellae in their bodies . . . 
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such mollusks are readily infected when sewage effluents are not strictly controlled in 
coastal areas where they grew.” 

Salmonellae infection and prevalence are noted to vary in various regions. 694> 55 °* 637 

In 1963, McCoy 103 stated: “Of the pathogenic organisms present in crude sewage, 
which consists essentially of human excreta suspended in the waste waters of the com- 
munity, organisms of the Salmonella group, which are widely distributed in man and 
animals, are by far the most common. . . . salmonellae of animal origin in Hvns are de- 
rived from trades and industries processing animals and their products for human or 
animal use. These sources include: abattoirs, butcher shops, the make-up meat industry, 
poultry processing plants, egg breaking plants, bakeries, tanneries, knackers, knacker’s 
premises, animal fat extraction plants, meat-meal and bone-meal plants, animal feeding 
stuffs plants, and fertilizer plants.” This author stated that salmonellae can survive on 
vegetation and in the soil from three to seven days and up to 280 days respectively. He 
said “under natural conditions the disappearance of salmonellae from polluted vegetables 
is slow and inconstant . . . experimentally, the numbers of bacteria contaminating the 
vegetation or soil seemed to be the most important single factor in the disappearance of 
salmonellae from them.” 103 

The proceedings of the March 1964 National Conference on Salmonellosis 693 
discusses the pervasive worldwide problem of the salmonellosis. In this reference, Ca- 
nadian authors Yurack and Best of Canada state “. . . since 1955, there has been a steady 
and marked increase in the reported incidence of human Salmonella infections other than 
typhoid and paratyphoid . . .”. They concluded that human salmonellosis in Canada was 
steadily increasing and that greater numbers of salmonellae were being isolated from 
animals in a wide variety of processed human foods. 693 

Newell 693 noted that salmonellosis was an important disease in the United States 
and in most countries of the world but that “the real human mortality related to this 
cause is unknown.” He stated that “most salmonellae can infect most hosts, but the 
dose of organisms required to cause an infection in the occasional host may be very large 
indeed.” In one cycle of animal-to-man infection, he noted that an intermediate stage 
was necessary, allowing multiplication of the organisms to take place. He thought it was 
possible for some human infections to be caused by air-borne transport of the organism. 
He concluded that “the prevention of man-to-man transmission by environmental meth- 
ods or by the control of excreters or carriers is unlikely to result in a large decrease in 
human salmonellosis. The education of whole populations about the dangers of certain 
uncooked foods kept at room temperatures is unlikely to be successful in the short term 
without a major change in food preparation and eating habits, and is impractical. That 
certain direct and indirect contacts from animals to man can be made Salmonella-free 
has been demonstrated in the United Kingdom egg legislation of 1963. However, it is 
improbable that all such contacts can be policed in this way. Therefore, the most work- 
able and immediate solution must be the selective breaking of the animal cycle starting 
with the most controllable domestic animals whose specific salmonellae are most impor- 
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tant to the human population of a particular geographic area. I consider that such a 
selective attack upon the animal cycle is both possible and economical in this country. 
The host of first choice would probably be domestic poultry” (p.42). In the same work, 
Thatcher (p. 61) notes the problem of the modem mass-producing convenience food in- 
dustry in the spread of salmonellosis. 

Steele and Quist (p. 72) state that “there is a high prevalence of Salmonella in- 
fection in a variety of pet animals including dogs, cats, birds, and reptiles. Little is known 
about the potential spread of salmonellosis from animals to stockmen or pet owners by 
contact.”®* 3 These authors also state (p. 73) that "to significantly reduce the human 
incidence of salmonellosis, it is imperative that attempts be made to control the infection 
in fowls and other animals.” Pomeroy and others, noting the spread of Salmonella through 
contaminated feeds, state: “Because of the wide host range of Salmonella and ubiquitous 
nature of the organism, consideration should be given to the development of sanitary 
methods that will assure the final complete feed to be free from pathogens. This may 
require the ‘pasteurisation’ of the feed in the final stages of manufacture.” 

In closing this particular conference, Langmuir noted the large number of ecologic 
and epidemiologic questions regarding this disease that remained unanswered. He con- 
cluded that better case reporting, tighter surveillance, and detection and management of 
carriers were needed, as well as the elimination of Salmonella from foods and feeds, and 
more cooperation in international surveillance. 

In 1964 various authors 334 discussed and published the general topic The World 
Problem of Salmonellosis. They referred to an ever increasing spread of different species 
among both animals and humans. Fey quotes Newell (p. 172) as demonstrating convinc- 
ingly that the source of Salmonella (always apart from man-adapted typhoid-paraty- 
phoid) ultimately lies in animals and that the long-range prevention of human salmonel- 
losis is to be sought in an interruption of animal-to-animal contact and not of man-to- 
man. The practice of man in herding and feeding animals as an agent in causing the 
spread of the disease is noted (p. 178). The importation of new strains of the bacterium, 
particularly from tropical countries, is also noted (p.266). The contrived pathways of in- 
fection leading from animal to man, and resulting in outbreaks of disease, is referred to 
in connection with this disease (pp.271-272). The importance of rodents in transmitting 
the infection among domestic animals is referred to (p.273). 

In this same reference, it is stated that rats are recognized as being generally 
fairly susceptible to Salmonella infections and develop severe typhoidal disease. They 
live in very close association with human life. There are, therefore, many possibilities, not 
only for human, but for domestic animal infections derived from rats carrying Salmonella 
and transferred by direct or indirect contacts. In particular, the behavior of rats is an 
important factor in the contamination of food utensils with infected excreta, etc. 

The British, reporting in 1964 on a study of various /ood processing factories and 
shops, made the following comment: “It was often shown that the same serotypes or 
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phage-types were occurring in abattoirs and in human cases in an area at the same 
time." 133 In many instances of food poisoning, meat or meat products were suspected as 
being the vehicle of infection. Cattle were implicated as the most important conveyors 
of salmonellae, whereas sheep were not considered to be a source. In 1964, Rosenstein 671 
reported on Salmonella infections among infants and children in a children’s home, and 
Hendrickson 546 reported an outbreak of gastroenteritis from Salmonellae heidelberg 
which was found to be contained in packaged angel-food cake mix used in the kitchen 
of the construction camp where the outbreak occurred. Hendrickson also reported on an 
outbreak of hospital infection with the same organism, apparently introduced by a 
surgical patient. Schneierson and Bottone 549 in 1965 reported that salmonellosis infec- 
tions were only about one-fourth as great as Shigella infections among hospitalized 
patients in an underprivileged community. VanDerSchaaf and Atteveld in 1965 reported 
on the almost universal contamination of water in the Netherlands by salmonellae organ- 
isms, in spite of the widespread biological treatment of sewage in that country. 80 

2) Balantidiasis. Craig and Faust 319 in 1940 stated: “Man is infected by swal- 
lowing the cysts of Balantidium coli in food contaminated by fecal material or by direct 
transference of infected pig’s feces to the mouth through soiled hands in handling pigs or 
in slaughtering operations. Considerably over 25 percent of the recorded cases of infec- 
tion give a history of direct contact with pigs '\hile the use of the excrement of pigs as 
fertilizers may be the source of some infections” (pp. 217-218). 

In 1942, Stiong 198 stated that this disease was a much rarer infection than amebic 
dysentery in Texas, and in North and South Carolina. He stated that cysts were trans- 
ferred to humans through the handling of infected gastrointestinal tracts of pigs, the 
eating of raw sausage, or from pig manure (p.445). He noted that the cysts survive for 
weeks in moist feces (p. 452). 

Hull’s book 167 states: “Human infection is most probably acquired from the res- 
ervoir host as a result of contamination of food or drink with pig droppings which contain 
the encysted organisms. Patients with balantidiasis often give a history of close associa- 
tion with pigs. . . . Once the infection has been established in man it may be either 
chronic or acute and at times develops in epidemic form. Furthermore, there is no satis- 
factory drug for the eradication in the human host.” 

In 1962, Hoare 535 stated that human infections from this di-ease were relatively 
rare, citing that "only several hundred cases have hitherto been recorded throughout the 
world.” He noted that the ciliate was a common parasite of domestic pigs, over 90 per- 
cent of which may be infected in some countries. He stated that the disease “is prac- 
tically an occupational disease among pig farmers, swine herds, slaughterers and sausage- 
makers.” He added that there was some evidence that this disease could also be trans- 
mitted from man to man. 

3) Diseases Associated tcith Dog Feces. In dealing with the general subject of 
diseases arising from animal fecal wastes, one would be remiss in not discussing those of 
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the dog. In view of the very close relationship of dogs with humans, and especially with 
children, the present urban practices in regard to disposal of dog feces deserve serious 
consideration. " ,9 

The dog suffers a number of diseases transmissible to man through the agency of its 
feces. 167 - pp 833 694 - Thg following list is taken from Hull: 167 

Amebiasis; ancylostomiasis (dog hookworm); balantidiasis; echinococcosis (hyda- 
tid cyst); fasciolopsiasis; larva migrans visceral; larva migrans, cutaneous; opistorchiasis; 
paragonimiesis (lung fluke); salmonellosis; schistosomiasis; strongylodiasis; trichinosis. 

Some of these (e.g., a nematode disease, dog hookworm, ,67 -p 836 and the trenia- 
todes) are apparently of little importance as human infections in the United States. 167 - 

p B06 



It is not possible to estimate the incidence of human disease due to dogs through 
this route of infection. 



DISCUSSION 

In developed countries, the relative incidence, prevalence, and severity of human 
infection due to animal fecal wastes is low if one looks only at reported outbreaks. The 
suspicion is that the amount of disease is actually much higher. 

If infection is to be reduced, consensus singles out animal-to-animal spread as the 
primary point of attach — especially among food-source species. Human practices in 
animal-source food production or processing, food storage and preparation, and food-waste 
disposal are major factors in the chain of infection. Contamination of meat in the slaugh- 
ter of animals and fowl or dressing of fish, of egg products for packaged foods, and of 
other foods which support the growth of salmonellae typifies the extent of the prophy- 
lactic problem. Yet animal wastes must in some way be controlled; apparently success in 
preventing human disease by attacking the human aspect alone is less likely, according 
to some authorities. 



CONCLUSIONS 

The fact itself, and some of the modes of transmission to humans of Oiseases asso- 
ciated with animal fecal wastes, have been established. A few of these modes suggest 
that waste control may be preventive of a limited amount of disease incidence in humans 
in the United States. 

One can refer to 'animal sanitation’ in only a very relative way. As a goal, it must 
await large-scale mechanization of animal breeding, controlled feeding and housing of 
stock, and sanitary methods of feeding inclusive of sterilization of animal feed. While 
all of these techniques ere seen in practice at present, they are seldom found together. 
Only inclusive application of these or similar practices, however, can help to prevent dis- 
ease through animal waste control. 
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RECOMMENDATIONS 

The vast amount of animal feces produced in this country demands further study 
of a means for its management. Sanitary aspects of disposal should be included in such 
a study. Comparison of existing composting methods should be extended to determine 
their capacity in operational, as opposed to laboratory, status so as to destroy pathogens 
and prevent vector propagation. 

Public education should be directed at proper disposal of pets’ feces. The hazard 
of well contamination by animal feces in relation to infant methemoglobinemia needs pub- 
licity in rural areas. The biological hazards of animal wastes require that additional edu- 
cation of farmers and food processors be instituted; stricter surveillance of food handling 
and processing is an obvious requirement. 

Rodent-Borne Disease 
GENERAL 

The following is a list of zoonoses associated with the rat. (taken from Hull, ,6 '"> 
p 91S : echinostomiasis; hemorrhagic septicemica; histoplasmosis; lymphocytic choriomeningi- 
tis; plague; rat-bite fever; rat-mite de;matitis; rat tapeworm infection; Rocky Mountain 
spotted fever; salivary gland virus infection; salmonellosis; schistosomiasis; bilharziasis; 
sporotrichosis; swine erysipelas; trichinosis. 

To this list must be added leptospirosis, leishmaniasis, relapsing fever, tularemia, 
rickettsial pox, murine typhus, and perhaps other diseases. 166 ' 394 The house mouse is a 
host of ticket tsia . 431 6201 674 

Commensal or domestic rodent species, as these adjectives imply, live in close 
proximity to man and his domestic animals, thus satisfying a primary requirement for 
transmission of disease to man. k> p « **•- p 356 



In addition, the habits of commensal rodents are such as to permit contamination 
with their excreta of man’s food, clothing, utensils, or to subject man to direct contact or 
attack. M4, p "• ,w *' 1 

To associate rat-borne (domestic rodent) disease in man with solid waste, it is first 
necessary to associate the rodents with the waste. It must further be demonstrated that 
commensal rodents transmit disease to man. 

Finally, all crucial epidemiological links :‘n the postulated rat-to-inan chain of dis- 
ease must be demonstrated. 



POSTULATION 

The commensal rat is a known source of zoonoses (diseases of animals trans- 
missible to man), and thrives whenever carelessness in food waste handling and disposal 
is found. Because of its habits and close association with man, it exposes than to various 
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disease agents which are transferred by direct contact, ectoparasites of the rat, or by con- 
tamination of the human environment. 

Figure 6 illustrates postulated pathways for human infection by the disease agents 
of plague for which the rat is a host or carrier, and can serve in part to demonstrate 
pathways of some other rat zoonoses. 



EVIDENCE 

Rats are attracted to, and multiply in, refuse and associated residues. 49> p2,: 681 9I > 

150 , 165 , 181 , 465 , 285 , 291 , 334 , 379 , 458 . 565 , 574 . 544 , p. 182 

Rats have also been found at waste disposal sites such as stabilization ponds 68 and 
poorly operated sanitary landfills. 81 

As recently as 1964, citizens of the United States were observed throwing their 
garbage and refuse along the roadside as they drove from rural homes to their work. 180 
Many smaller communities in the United States still dispose of their solid wastes in open 
dumps. 8I ' 231 

Rats harbor ectoparasites which are known vectors of disease, and exchange para- 
sites with other animals that are hosts to disease agents transmissible to man l6S - 606 
Flees, ticks, and mites fiequent rodent nests and burrows of both domestic and wild 
rodents and are the means of transferring disease from one rodent to another. ,6J - 820 These 
anthropods are frequent feeders on man when in proximity to him. Such proximity occurs 
when man invades the wild reservoir territory or when domestic or wild rodents invade 
man’s domicile. 168 The latter situation is encouraged by careless waste disposal, although 
improper food storage or feed handling practices can attract rodents (p.2). 620 




Fkvxb 6. Solid waste/plagu* pathway* (postulated). 
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Rats can serve as a major threat in transfer of zoonoses to man. While they are 
not, at present, reservoirs of plague in the United States, they can serve potentially to 
spread sylvatic plague which is now endem’c throughout this country. 165 - 869 The mech- 
anism is discussed under “Plague" and, in general, is similar for other arthropod vectored 
disease of rata and wild rodenis. 

Rats can transmit disease by direct contact, as for example, in causing rat-bite 
fever in man. M - p- 198 In addition, by soiling food, clothing and eating or cooking utensils, 
rats can probably cause human salmonellosis. 844 - 324 ' p- 273 - p*> ,0 - 11 >68. 398 They are 

known to be involved in the Salmonella infection cycle in domestic animals. M4 - p- 273 

Rat fleas can be significant pests and can cause flea or mite dermatitis. 319 - ,12 - 156 
Rat fleas are also true hosts of several tapeworms of lower animals which are known to be 
transmitted to man, especially children. **• 158 

At times, rets have been thought to be an agent in the transmission cycle of 
human trichinosis. As recently as 1956, a significant number of trichina-infested rats were 
found in village and city dumps in the American Midwest. The investigators state that 
the role of rats and wildlife in trichinosis of swine is difficult to determine. 808 They 
postulate, as possibilities, fecal transmission or direct transmission where pigs cat infected 
carcasses. They were not successful in fecal transmission efforts, but quote Spindeler as 
having obtained success in such transfer. Other authors state that there is no evidence 
that the rat plays any part in the pig cycle, and by implication, none in the human cy- 
cle p 389 — at least in the United States. 

Human leptospirosis has been traced to rats. 828 - 817 - pp-»>-*» Leishmaniasis, a dis- 
ease rare in the Western Hemisphere and not found in the United States, has been found 
in domestic rats of two genera, **•- p 319 and has been experimentally transmitted to rats. 319 
Rickettsialpox in man has been traced to the house mouse; it is transmitted by a mite. 43 - 
874 Murine typhus is known to be 4r ansnr>;tted between rats by rat fleas ,77 - 158 and from 
rat to man. 158 Infection of man by tiie nenu-tode Capilloria hepatica (a relative of the 
trichina w’orm) by way of the rat is possible . 8i8 - p 376 

Domestic rodents are stated to be donors in helminth cycles involving man. w®* p 388 
Rats and mice are a constant source of infection in m,»n of the dwarf tapeworm (Hy- 
menolepis nana) and occasionally a source of Hymenokpu diminuta, a large tapeworm 
(p.366). 88 * 

The rat lungworm, Angiottrongylut canlonentis, is widely distributed in rats in the 
China-Pacific area, and in United States possessions and protectorates in that area. 348 - 
it? j n areas it is found in man, and has been implicated in the etiology of 
human eosinophilic meningoencephalitis in Hawaii. 888 - p 378 Mollusks are intermediate 
hosts of this nematode and could serve as a source of human infection; pigs also are im- 
plicated. 348 Whether or not the rat has a role in human infection is not clear. 

Tularemia is said to be naturally present in wild rodents, including wild rats 379 - 
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m 156 . i9«. the natural vector is the woodtick, Dermacentor andersoni . 198 Rats are stated 
to be only slightly susceptible, however, to the disease. *"• p- 716 Experimentally, fleas and 
mites have been found to be infected 358 338 and to transmit the disease agent, 198> pp 714 715 
However, they have not been shown to be important in the transmission of tularemia. 156 - 
398 The tropical rat mite was shown to harbor the organism of tularemia and, in some 
instances, to transmit it to the next generation of mites; it also transmitted tularemia to 
normal mice on being crushed orally by the mice, but not on biting the mice. 338 The in- 
cidence of human tularemia recently has been described as paralleling the population of 
“mouse-type rodents” during and after World War II in Russia; the author considers 
bloodsucking arthopods worthy of investigation as vectors. 379 In Russia, it is claimed 
that the basic intermammalian mode of transmission is via the tick. 380 

The rat is definitely associated with murine typhus; its ectoparasites — mite, rat 
louse arid rat fleas — spread the agent from rat to rat. t17 - p ®°- ,56 - 177 - 319 - 3941 398 The trop- 
ical rat flea, Xenopsylla cheopis, is the most important vector for rat-to-man trans- 
mission. M7 - p 80 Fleas may not be the only, or even the main, transmitter, and rat 
urine has been implicated via dust in human infection. 1S6 - p 400 

Only 42 cases of human murine typhus were reported in the United States in 
1961 670 and 29 in 1964. 351 This represents quite a drop from the 5,193 reported cases in 
1945. 517 - p 89 The dramatic reduction in human murine typhus is believed to be due in 
all probability to the coincident rodent control measures. 398 

In South Africa, the disease has apparently been introduced in recent years, and 
is resulting in occasional human cases. 339 Here, too, a domestic rat, Raltus rattus, is the 
reservoir. The disease is considered more an occupational than a domiciliary disease. 319 

Lymphocytic choriomeningitis is a viral disease in man. The reservoir is the 
mouse. Hypothetically, the virus is conveyed to man by way of contaminated food or 
dust; human cases have been associated with infected mice. l67 - p 726 

Hull 167 - p 972 lists rats as a factor in the transmission of Rocky Mountain Spotted 
Fever (RMSF) to man, but does not support the association in the text. A number of 
ticks are both reservoirs and vectors; others can be infected experimentally. ,87 - p 70l: 335 
The vectors appear to prefer large animals, both wild and domestic. In Maryland, dogs 
and field mice are said to be important in the epidemiology of the disease in that state. 341 
Experimentally, the rat has been found susceptible to the infeciton. ,r7 - p 703 However, no 
evidence was found for implicating the rat in human infection. In the period 1960-64, 
229 cases of this disease were reported in the United States. 351 In none of these cases 
is the rat mentioned. The postulated mechanism for transmission of RMSF to man by 
way of the rat can be discussed in the general case of tick-borne disease. In the United 
States, species of ticks are vectors of RMSF, tularemia, relapsing fever, Colorado tick 
fever (CTF), and tick paralysis 318 - ,57 - 333 The species for RMSF important to human in- 
fection are Dermacentor andersoni and D. I'ariabilis 147 p 701 for tularemia. A number of 
different tick species a.e vectors ,r7 - p 587 for relapsing fever in which numerous subspecies 
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of Omithodoros are involved. 167> pp- 669 - 673 ; 198 ' p *» For CTF, Dermacentor andersoni is the 
only important vector ,67 ' p 789 

The rat is not a normal host for any of these diseases except perhaps relapsing 
fever in Panama. ,S7> p 671 The ticks themselves are commonly the main reservoir of the 
disease agents. 

It is possible that infected ticks from any of the wild reservoirs could feed on 
domestic rats and transmit the respective pathogen to the rat. Except for perhaps the 
case of relapsing fever in Panama noted above, there is no evidence that this occurs in 
nature, or, if it does, that the rat could then be a source of infection for man. The vector 
of RMSF in the Eastern United States — the dog tick — could infect the domestic rat, 
but again there was found no evidence of such transfer. 

Aside from the domestic rat, however, the small wild rodents attracted to wilder- 
ness cabins, camps, or lodges by carelessly disposed garbage could convey infected ticks 
to man’s vicinity and thus bring about human infections. Deer mice and squirrels in 
Montana for example, have been shown to have been infected with CTF serologically and 
culturally. ,57> 174 Agents resembling those of relapsing fever were found in chipmunks 
and Tamarack squirrels in California. 161 The rodent and human strains were found to 
be identical, and the rodent strains are directly transmissible to man. It can only be as- 
sumed that human cases arising from the endemic foci associated with these rodents 
were due to exposure to rodents. 

Although echinostomiasis and histoplasmosis are tabulated by Hull ,67> p 8,8 as 
zoonoses associated with the rat, there is no case to be made for rat-to-man transmission. 
Transmission to humans of the remaining zoonoses listed as rat-associated by Hull was 
not demonstrated in this study. 



DISCUSSION 

The commensal rat and his feral cousins have been shown to carry and transmit 
disease agents infectious f or man. They br;ed in, or are attracted to, food wastes. The 
commensal rat can propagate in large numbers where food wastes and harborage are 
available. (There appears to be some difference of opinion as to how large the waste- 
dump rat populations can be — see references 181 and 622.) 

The interchangeability of rodent ectoparasites under certain circumstances can 
bring sylvatic disease conveyed by these vectors much closer to man through the agency 
of the rat. 

Furthermore, the rat by its habits can contribute to the contamination of the en- 
vironment of man and his domestic animals and thus to a double threat to man by way 
of infection of his animals. 

Considering the adaptability of the rat, the numerous sources of food other than 
wastes, and the obscurity of its contribution to human disease incidence, the relative 
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importance of solid waste toward this contribution is equally obscure. However, the fact 
that there is a positive association, and that the rat is a dangerous enemy to man, have 
been made evident. 



CONCLUSIONS AND RECOMMENDATIONS 

There is continuing threat of human infection by rat bome zoonoses in the United 
States; while presently of relatively low or unknown degree, its containment requires a 
higher level of waste management and rodent control than now exists, if only to decrease 
risks of epidemics in disaster areas. 

While the control of wastes is of greatest importance in controlling rats in centers 
of large human populations, wastes are not the only source of food for these rodents. 
Carelessness in warehousing of food supplies, in storage of food in the home, and in stor- 
age and distribution of animal feeds, and the ability of the rat to find forage in the wild, 
complicate the control problem. ,65> 46S - 865 In fact, some investigators feel that these 
sources are more important to the propagation of rats than waste. It will be necessary, 
therefore, to coordinate waste and other rodent-control studies and measures. 

The prolific breeding capacity of the rat, however, permits its spread from garbage 
dumps to homes, farms, and other areas where it may find other food sources, and 
presents a higher risk of conveying infection by reason of its nearness to human habitats. 

Various authors have advised adoption of the following procedures: 

Development of more effective waste handling and management methods 
Public education in food storage and garbage disposal 
Increased research on domestic rodent eradication 
Increased research on arthropod vector eradication 

Development of more effective means of immunization against rodent bome dis- 
eases 

The wide distribution in nature of many of the zoonoses associated with the rat 
will not, of course, permit elimination of the basic source of these diseases even if the rat 
is controlled. However, the control or eradication of rats will drastically limit the oppor- 
tunities for human infection from the disease agents represented. 

SPECIVIC DISEASE 

I) Plague . General. Because plague has been so devastating in the history of 
man, and because the rat and its parasite, the flea, are suspect in other diseases trans- 
missible to humans, plague is chosen as the first of two specific rat zoonoses to be consid- 
ered in association with solid waste. 

Postulation. Plague is capable of transference to human populations by the se- 
quential events diagrammed in Figure 6 in which solid waste is a major factor. 




92 



SOLID WASTE/ DISEASE 



Evidence. The commensal rat is firmly established as a source of human bubonic 
plague. 172, 167, w> S 27 -M 2 . pp. 902-903; si7, p. 197; 190 , 3i3, 3i9, 573 j s found throughout the United 

States and the world ***• p 417 In 1947, a rat cenus showed a ratio of 1 rat for every 
36 persons in New York City, and 1 for every 15 people in Baltimore. 167 - p- 903 Rats 
are especially common where food is plentiful, particularly around open dumps 6 ; 
(also see references, section on rodent borne disease). Their usual ectoparasites infest 
wild rodents, and they in turn can be infested by wild rodent ectoparasites. 162 - 164 - 3I3 - p 142; 
£66. 568. 682 . p.os Transmission of plague from wild rodents to rats has been demonstrated, 
5691 570 and has resulted in human plague via the rat. 172 - 164 - 570 

The rat is highly susceptible to infection with the plague bacillus and following in- 
fection often dies. The vector flea then leaves the body of the rat in search of a new host 
and, given the commensal status of the domestic rat, this host often is man. 517 - p 201 If a 
large rat population is present, the “dosage” of bacilli thus made available is high, and 
human disease much more probable, than if the rat/flea population is low. 

The vectors are the interchangeable ectoparasites. 190 - ,9,< 320 m ***• 5I7 - p 199 
Many flea species are known to be inf'jcted with plague bacilli. 313 - p - 142; **• 5671 57 °- 573 

Urban or port plague apparently was introduced about 1899 into the West Coast 
of the United States, and by 1908 was established in western wild rodents. 573 - 156 - 172 - p 456 
However, some authors feel that sylvatic plague has existed among American rodents and 
infected the American Indian in prehistoric times. **• p 1566 Since then, plague was in- 
creasingly found among wild rodents through the country ,62 - 190 s® 9 - 6 * 2 - p - 41 * and the 
world. 573 - 517 - p ,99; ,67 - k> KM--A 3 . 563-668 Subsequently, it reappeared in rats from time to 
time. 162 - 3,3 These wild rodents supply what is probably an ineradicable reservoir of 
plague. ,6S - p 43; 164 162 Plague has also been passed from wild rodents to humans. 152 - 319 - 

567 The flea vectors apparently increase in population with increase in numbers of the 
rodent hosts. 5ee - 692 p 419 They are found on man in association with human plague. 569 
(An excellent review of plague in the United States is given in reference 690.) 

Discussion. All of the postulated links in the chain of infection involving a solid 
waste/human disease relationship have been demonstrated. How meaningful are they 
to an outbreak of epidemic of pandemic plague in man? In the last 30 years, only a 
handful of human cases of plague has been reported in the United States le6 - 167 - p 54 *; 
(also see incidence figures below). 

The breakdown of sanitation, however, due to earthquake, civil strife, strikes, war, 
or the failure of authorities and citizens to plan and cooperate in the handling of the ever- 
expanding solid-wastes problem may provide the elements necessary to domestic and wild 
rodent expansion and subsequent epizootics. By the nature of civic disruptions, there may 
then be interference with other means of containment once the disease is under way. 
(See section on Disaster in this report.) 

Once begun, human plague can spread by direct contact between humans. 1€7 - 541 - 

568 si 7 . p 2oi American physicians "almost never see this disease" end significant human 
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spread of the agent may occur before the nature of the disease is recognized. ,65> p 431 167> 
p.567 There would appear to be no cause for complacency with regard to plague from any 
source. ,6S> p 42 The following quotes are found on page 529 of reference 167: "The seem- 
ing disappearance in the middle of the 19th century is merely a phase in the natural 
history of the disease itself. . . .” and "Knowledge acquired since 1900 leads to the con- 
clusion that the decline of the plague at the end of the 17th century represents the op- 
eration of the great natural law of the rise and decline of epidemics.” 

In reference 190 (p. 1152) the following statement appears: "It might appear to 
some persons that too much prominence has been accorded ptague and too much effort 
devoted to it as a public health problem in this country; but it still holds our interest, be- 
cause it scaled the barrier of quarantine, because of its persistence and gradual biological 
and geographic spread, and because of the difficulty in eradicating it entirely in vast 
areas of low biological density.” Another statement from the same work (p. 1149) is as 
follows: "When the situation is viewed in the light of the expanding areas in which 
plague-infected wild rodents and insect parasites have been found in recent years, the 
disease assumes significant public importance and becomes a problem fraught with poten- 
tial danger.” 190 

The ultimate threat of epidemic plague ,65> 681 comes from commensal rat popula- 
tions (pp.417, 418), but the basic threat in the United States exists in the wild rodent 
reservoir. ***• w> 4|J - 4I * ; p ,ws The first essential element for a human plague epi- 
demic in this country — contact between commensal rats and wild rodents — is being 
satisfied by encroachment of urban settlements on wild areas and the use of such areas 
as dumps for solid wastes. 166 ' 569 In addition, the fact that more and more Americans 
invade wilderness areas every year, 165 exposing themselves to sylvatic plague and pro- 
ducing tons of litter and garbage for which they assume no responsibility for proper dis- 
posal, is of considerable importance. This can bring about avenues of transmission tmde 
important by sheer numbers of potential victims, a growing population of wild rodents 
attracted to (and nourished by) such wastes, and the increasing probability of involve- 
ment of hitchhiking domestic rodents. ,e9 - w 7,0 7,1 

Uncertainty as to the factors underlying the great pandemics of plague is good 
reason to avoid complacency in the face of its very low incidence in the United States in 
recent years. Only six cases were reported for 1960 to 1964, 361 eight cases during the pe- 
riod 1930 to 1939, 130 and 17 cases in 1932 to 1942. 161 In the period between 1900 and 
1940, 499 cases with 314 deaths were recorded. 190 Between 1908 and 1965, 111 cases of 
human plague transmitted from wild lodents and other mammals or fleas — with 64 
deaths — were reported. * 90 - p 1398 

However, in a single Indian State, Uttar Pradesh, in approximately the same 
period (1905-1954), over 3,000,000 deaths were ascribed to plague, of which approxi- 
mately 390,000 were registered in the period 1930-1954. 867 The disease almost disap- 
peared in 1954. During the same 60 years, it showed a short-term periodicity of 6 to 6 
years. 967 In Mysore, another Indian State, plague persisted, with periods of absence, into 
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the 1960’s, with progressively increasing human cases since 1960. 670 It is doubtful that 
the disappearance of plague in these areas could be ascribed solely to the use of pesticides 
or to superior sanitation; consequently the role of sanitation in the subsidence of the 
plague in the United States is somewhat open to question. 

The main consideration is that resurgence of the disease requires a host. In India, 
in the two states noted above, plague was found *n commensal rat fleas. In Uttar Pradesh, 
wild rodent fleas were also infected with Pasteurella pestis. In the United States, syivatic 
plague is spread through the country. Presumably, recrudescence of plague among com- 
mensal rodent populations, brought to large numbers by failure to control waste, 167 * p 900 
could be followed by human bubonic plague. 673 One writer discounts the threat of 
plague epidemics in civilized countries, although he accepts the possibility that rapid 
spread to such areas exists. ™ 

Of interest to this subject are the increases in rat populations and numbers of cases 
of human plague reported for the year 1966 by the World Health Organization. ** 

It would seem obvious that a population careless of its wastes in normal times 
would not be likely to exercise greater caution in waste disposal in the event of crises in 
civil life and the ensuing interruption of disposal services. Human males are especially 
intransigent when their "rights” are questioned to foul their homes, the surrounding land- 
scape, and the wilderness areas with garbage and refuse. The author of this report has 
observed otherwise intelligent persons (men and women alike) owning wilderness cabins 
throwing garbage out the windows with the justifying statement that "the little animals 
will keep it cleaned up.” 

The extent to which waste and rodent control might be practiced in disaster would 
seem to be low, in view of the present level of hygiene actually practiced by the public 
(as opposed to the level provided for it by municipal sanitation services and sewerage). 
With the domestic rodent population out of hand and with waste accumulations attrac- 
tive to wild rodents present, the threat of domestic rodent epizootics is increased. Dis- 
ruption of water supply, and its interference with bathing and laundry, would encourage 
infestation of humans with infected rat fleas and susceptible human fleas and lice — 
both of which are suspect in plague transmission.*** 573 Add to this the possible disrup- 
tion of medical services and the stage is set for a human plague epidemic. 

Conclusions. The rat has its greatest potential for killing humans through its role 
in dissemination of plague. However, this potential is difficult to assess. The adage "bet- 
ter safe than sorry" seems to have special significance where plague is concerned. 

Recommendations . Although the epidemiology of plague sufficient to assess the 
total risk to human populations is known, significant exposure to populations in the 
United States must be through the domestic rat. General recommendations for its control 
are contained in the conclusions and recommendations given for rodent -borne disease as 
a whole. 
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2) Leptospirosis . General . Leptospirosis is a spirochetal disease of animals trans- 
missible to man. 40 - 617< p- 129; 6821 p 647 It is not a single disease, but a group of diseases due 
to a number of serologically distinct organisms. 621 The principal hosts are wild or domes- 
tic rodents and some domestic animals 72 ' M7 * pl30: 343 * 624, b2S> 3821 662, p,M7 Distribution of 
leptospirae is world-wide. 382 

The commonly isolated leptospirae in North America are Leptospira icterohaemor - 
rhagiae , Leptospira canicola , Leptospira pomona , Leptospira bataviae, and Leptospira au - 
fumnafts. 631 Lepfospjra pomona is frequently the organism found in infected cattle. 622> 

382 



Documented sources of human infection are rice fields, M7 - p - 131 swimming ‘holes’, 621 - 
pp. H 2 -H 4 ; 522. p. 950 se wers; 10 °- 617< p 131 a number of occupations in which exposure to in- 
fected animals is intimate 626 ' p 381; 517 * p l3,; 343 * pp»s 2 -« 63 ; 523 > p.22 mus t also be included. 

Between 1949 and 1961, 483 cas s of human leptospirosis in the United States 
were confirmed in the laboratory. 343 In 1965, however, 1,077 serum samples from routine 
hospital admissions showed antibody reactions to leptospiral sera in 2.6 percent of the 
cases. 523 

Postulatkn. Rat populations increase greatly if food and harborage are made 
available. The habits of rats expose them to leptospiral infection (sewer water, drinking 
water contaminated by excreters, urine of other rats) in their foraging and nesting. They 
come into contact with olher rodents and domestic animals capable of harboring the in- 
fection. They can contaminate human food, water supply, and household articles or 
clothing with urine which contains leptospirae. They can contaminate water supplies from 
which domestic animals and pets drink; in the case of cats or dogs, which kill rats, they 
can serve as a source of direct contact and infection by this route. Rats thus could serve 
as an important link in human infection by infecting other animals having contact with 
humans. 

Evidence. Rat populations increase greatly if given access to waste foods and 
waste harborage (see references, section on rodent-borne disease). Rats travel widely for 
food and water and to find harborage, and have migrated throughout the world. 626 They 
are exposed to infection by the environment contaminated by other wild or domestic 
hosts 382 - 626 « p - 378 and are themselves “chronic carriers of many types of leptospirae” and, 
“as a rule do not show clinically perceptible disturbance . . 626> p 377: 617, p l30: U9 * 389 A 

lifelong carrier state is thus established. In other words, the rat population is not de- 
creased by the disease, and their contaminating activities are not limited by the disease. 
Commensal rats are found to be carriers of many different leptospiral serotypes all over 
the world. 526, P- 377; 621 » P- 141 ' 382 « P«*73i S 89 * PP-2^3. abstract 

The organisms are excreted in the urine and may contaminate the environment of 
man, resulting in human infection and disease. 617, p l29: 682, p 647 Rats are carriers and 
probably the chief reservoir of Leptospira haemor rhagiae, the agent of Weil’s disease 
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which is perhaps the most severe form of leptospirosis in man. n5 > 119 > 95 - 626 - pp* 377 - 378 ; 522 , 
p. 060 ; 389 , 682 Experimentally, ticks and horseflies have transmitted the disease by feeding 
on experimental animals 617 - p l3Gl 621 - p 142 and naturally infected ticks have been found on 
cattle in Russia. 621 p - 142 “Despite this, endemiologic evidence would indicate that arthro- 
pod vectors are not significant in the transmission of (this) infection from animal reser- 
voirs to man.” 517 - pp . 130-131 

In the period 1955 to 1959, 130 cases in the United States were analyzed and 36 
percent were found associated with farms or abattoirs. Some 26 percent were connected 
with drinking, iwimming, or other immersion in presumably contaminated water; 16 per- 
cent with contact with dogs; 13 percent with rat contacts; 3 percent with wild animals; 
and 6 percent with other animals or environment. 521 

In the United States, according to one summary of 483 cases of leptospirosis in 
man in the period 1949 to 1961, a probable infecting source was ascertained in 191 cases. 
Sixty of these (31%) “involved contact with rats/’ and it was stated tha', . . infection 
from rats occurred in a wide variety of situations.” 343 - p>863 

Decrease in ca;*es in the period 1955 to 1965 might have been due to better sani- 
tation and eradication measures in this country. 389 

The domestic rat may play a much more significant role as an indirect cause of 
human infection. It has invaded many areas to which it was not native (e.g., the Amer- 
icas, Australia) and may have been instrumental in the introduction of leptospirae there. 
The recent introduction of Rattus norvegicus to some countries of the Near East, along 
with Leptospira ictohaemorrhagiae t is typical. 626 By such migrations and by virtue of its 
habits — especially of infesting feed lots and stalls of domestic animals — it can dissem- 
inate leptospirae to these animals. In turn, excretions of these latter animals pollute 
waters from which humans may become infected by working or swimming in them. 343 - 
p.863 ; 5i7, p. 131 ; 521 , 522, 523 , 526 More human infection is due to transmission from cattle and 
swine than from rats. 623 

The dog is a major source of human infection 521 - pl44: 3481 p 863 and may well be in- 
fected by the rat because of their cohabitation in the human domicile. Thus the ^at may 
be the primary source of canine infection, and hence in some cases human infection. 
Some serotypes of leptospira are common to both animals, and are transmissible to 

man< 382. p. 473; 389, p. 6; 523, p. 21 

Conclusions. There are important gaps in a postulated chain of infection leading 
from the rat through domestic or other animals to man, although direct infection ap- 
parently is verified. The difficulty arising from the discovery of the same serotype in 
different animals is obvious — which source was the primary source? The fact that the 
rat is a lifetime carrier of leptospires, 517 - p l3 ° and that the carrier state in domestic 
animals is relatively short, B17 - p l3 ° lends importance to the rat as a reservoir. However, 
according to one author, outbreaks of leptospirosis are traceable to domestic animals and 
not to rats. 343 
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In a disease as universally distributed geographically and biologically as lepto- 
spirosis, the comparative importance of the commensal rat in transmission of this dis- 
ease to man is difficult to assess. The commensal rat can cause human disease, and prob- 
ably domestic animal infection. The evidence supports the conclusion that it is a sig- 
nificant factor without whose control, or elimination, human leptospirosis cannot be 
eradicated, 526, p386 especially since broad protection from immunization has not been suc- 
cessful. M7, p - l3i[ 6S2 ' p MS 

Recommendations . The empiric involvement of the rat in this and other diseases 
is sufficient to warrant action without further studies, which can be left to others con- 
cerned more directly with epidemiology and medical ecology. 



Mosquito-Borne Disease 
GENERAL 

Hunter and others 617 in 1960 listed the following diseases as being vectored by 
mosquitos: dengue (pp.17, 661), encephalitis (p.662), filariasis (p.658), malaria (p.317, 
659), and yellow fever (pp.20, 661). 517 

Hull 167 adds tularemia, lymphocytic choriomeningitis, and melioidosis as zoonoses 
in which mosquitoes can be vectors (pp. 593, 725, 846, respectively). Of these, only the 
mosquito-borne encephalitides and malaria are mentioned in connection with the United 
States. 517 



Philip was unsuccessful in transmitting Q fever by Aedes aegypti . 378 

Shahan and Traum ( 1958) list Rift Valley fever as a zoonosis transmissible to man 
by mosquitoes. They note, however, that this disease has not been identified outside of 
Africa, 57 nevertheless, there is a distinct possibility that it may be introduced to the 
United States 751 (p.358; see also pp. 354-356). 

Anderson, 23 among others, has referred to solid wastes in association with mosquito- 
borne disease. This presumptive association is due to the fact that some mosquitoes 
breed in small collections of water, such as may collect during rainfall in cans, automobile 
bodies, and other discarded potential containers. Many of these same mosquitoes, how- 
ever, are known to breed in other fortuitous collections of water, such as those in hoof- 
prints, roadside collections, irrigation water, and the like. Mosquitoes may breed in large 
numbers in coastal brackish waters and salt marshes and in various types of natural 
bodies of water, or, according to the species, in flowing streams. Thus, the contribution 
that might be made by solid wastes to the total threat of mosquito-bome diseases, par- 
ticularly in regions already provided with other collections of water, is difficult to esti- 
mate. To produce disease, however, introduction of the disease agent into the vector popu- 
lation must occur. Highly complex questions of mosquito ecology and other factors must 
be accounted for. 
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POSTULATION 

Solid wastes provide a source of breeding media for mosquitoes which are the 
vectors of disease agents pathogenic for man. These mosquitoes will oviposit in rainwater 
held in solid waste materials; the organic debris associated with solid wastes can serve to 
nourish the mosquito larvae either directly or indirectly by permitting the growth of micro- 
organisms upon which the larvae feed. In the presence of infected hosts, the emerging 
adult mosquitoes will become infected and transmit the disease agent to human hosts. 

EVIDENCE 

Craig and Faust 319 stated in 1940 that “some mosquitoes like Aedes aegypti , A . 
albopictuSy Culex { atigans , C. pipiens , and Anopheles stephensi are domestic in their 
habits, breeding in household receptacles, such as cisterns, earthenware jars, gutters, etc. 
Mosquitoes may fly distances of two miles or more or may be carried hundreds of miles 
by wind and thousands of miles in trains or airplanes. In measures directed against 
purely domestic Anophelines (that is A . Stephensi), which breed in crockery, cans, etc. 
around the home, careful inspection must be made by sanitary police to see that these 
receptacles are kept empty, covered with kerosene, or adequately screened, just as in con- 
trol of Aedes aegypti breeding.” 

These authors also state, in regard to filariasis and mosquito control, that “this 
is essentially an urban problem. The mosquitoes are usually domestic, Culex fatigan$ f 
C. pipiens f Aedes aegypti , A . variagatus ( Anopheles stephensi) or are found in bodies 
of water not far from human habitations.” They state also that “man is the only defini- 
tive host of Wuchereria bancrojti f a cause of filariasis. Man is inoculated with mature 
larvae escaping into or onto human skin from the proboscis of infected mosquitoes . . . .” 

Smith 332 in 1957 made the following point: “Before incriminating an arthropod 
as a vector of any specific disease there are certain essential requirements which must be 
fulfilled. In the first place, the suspected arthropod must be associated in time and place 
with the 'person* of the infected donor and recipient hosts. In the case of biting arthro- 
pods, this association implies that the suspected vector must bite such hosts.” 332 He then 
pointed out that, in some cases, certain species of mosquitoes in certain locales did not 
bite man, whereas in other areas the same species transmitted disease. He also noted that 
mosquito species were not genetically uniform, and quoted Huff (1929) as showing that 
it was possible to breed a strain of Culex pipiens which, after a few generations of selec- 
tion, was able to act as a host in 91 percent of the cases to a disease agent, while another 
line bred for insusceptibility was reduced to infection rates of the order of 7 percent. He 
stated further that “mosquitoes entirely unrelated geographically to [a parasite] often 
prove to be extremely efficient vectors . . . .” 

In 1942, Hammon and others 160 reported on an epidemic of encephalitis in Wash- 
ington State. They mentioned that in 1939, there had been a severe epizootic of horse 
encephalomyelitis involving some 500 to 600 animals, and that this was associated with 
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about 35 human cases. In 1949 there were 86 human cases, although only about 50 
horses appear to have been affected. The blood of a number of domestic and wildfowl 
were found to contain antibodies against either the Western or the St. Louis viruses, or 
both. Their own investigations revealed spread evidence of infection among domestic 
fowl and domestic mammals. Only 8 percent of the sera from wild mammals possessed 
antibodies against encephalitis viruses. The authors concluded that “many of these birds 
and mammals, principally the domestic fowl, probably serve as reservoirs for the infection 
of mosquitoes/' 

Hunter and others (1960) identify two Anopheles mosquitoes in the United States 
as capable of transmitting malaria. 517> n 320 These are Anopheles freeborni and A. quadri- 
maculatus. The former species is reported to prefer fresh, clear seepage from ditches, rice 
fields, edges of slow streams, and irrigation water. The latter species prefers fresh pools, 
ponds, lakes, lagoons, swamps, slow flowing river in dense aquatic vegetation. Both of 
these species enter houses and feed readily on man. A. freeborni is noted to be dangerous 
in the interior valleys of the West Coast of the United States, while A. quadrimaculatus 
is the “most important carrier in the Eastern United Spates/’ In regard to filariasis, these 
authors state: “Complete development of the larval forms of W. bancrofti has been 
shown to occur in over 50 species of mosquitoes including the genera Anopheles , Culex , 
Aedes and Mansonia. However, these mosquitoes are not all necessarily concerned with 
the transmission of the infection in nature. Some of the most important known vectors 
are C. pipiens , C. quinquefasciatus ( C . fatigans), C. pipiens , Anopheles gambiae , A . 
funestus , A. darlingi t A. punctualatis , A. farauti t Aedes aegypti t and Aedes polynesien - 
sis.” These authors also note that “the importance of a particular mosquito will depend 
to a large extent upon whether it feeds on human rather than animal blood and breeds in 
areas in close proximity to man/’ 517 

In regard to dengue, these authors state that “epidemics due to the importation 
of virus involving hundreds of thousands of peopla have occurred in areas where the 
mosquitos capable of transmitting dengue fever were present, notably . . . the Gulf Coast 
and adjacent Southern States of the United States in 1922.“ They list Aedes aegypti , 
Aedes albopictus> and Aedes scutellaris as the only proved vectors ox the virus. Sabin, 
writing in this reference, says in regard to yellow fever: “Since 1948 yellow fevei u as ad- 
vanced . . . northward through Costa Rica . . . and finally into Mexico . . . and an outbreak 
of yellow fever was discovered in Trinidad in 1954.“ Urban yellow fever is de^ribed as 
transmitted by Aedes aegypti. “This mosquito is domestic and is always found in close 
proximity to man, breeding in and about houses" (pp. 20-21). 517 

In 1961, Beye and others 575 reported on the hazard of importation of diseases 
new to the resident population of the United States by foreign migratory agricultural 
workers and others; for example, W . bancrofti (an agent of filariasis) was found among 
migrants in Idaho. It was noted that this agent was “once prevalent around Charleston, 
South Carolina, presumably brought from Africa by the ‘slave migration' ", and that “the 
most universal mosquito vector, Culex quinquefasciatus , is prevalent in many parts of 
the United States." Also, in the Idaho survey, two cases of malaria were found. To 
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Beye, the finding of seven cases in California “indicates the potential hazard of this well- 
known parasite which was widely prevalent in the United States in the early part of the 
Twentieth Century. Suitable mosquito vectors are still prevalent in some parts if the 
United States.” These authors quote Dunn and Brody, who reviewed malaria surveillance 
in the United States in the period of 1956 to 1957, on their documentation of three cases 
of primary indigenous malaria in Sacramento County, California, in 1956. Dunn and 
Brody stated that these cases of malaria were “possibly associated with the importation 
of the parasite by Mexican agricultural workers in the immediate area. Anopheles free- 
borni were present in moderate numbers.” He added that “the same authors discuss 
four cases, three confirmed as vivax malaria in Sutter County, California. ... A. free- 
borni were present. A farm labor camp for Mexican nationals was located about a 
quarter of a mile from the ranch where the cases occurred, but it was not demonstrated 
that anyone in the camp was the source of the infection.” Beye also states that the list 
of potential imported diseases “could be made large . . . including such possibilities as . . . 
yellow fever.” 

In considering one aspect of solid waste disposal, the hazard of creating breeding 
places for mosquitoes through the use of manure lagoons was noted by Eby in 1962. 476 

Hayes and others (1962) reported on 33 confirmed human cases of Eastern en- 
cephalitis (EE) in New Jersey between August 17 and October 15, 1959. 611 They stated: 
“The majority of the individuals stricken resided within communities situated adjacent 
to woodlands and both salt- and fresh-water swamps. Arthropods were collected in the 
vicinity of reported human, equine, or pheasant cases. The predominant mosquito species 
were Aedes sollicitans, Aedes vei cans, Culisets melanura, and Culex salinarius.” These in- 
vestigators also stated: “All available information supports the hypothesis that (1) the 
swamp mosquito, C. melanura, served as the primary sylvan vector which carried EE 
virus from enzootic swamp foci to peridomestic wild and domestic avian reservoir hosts in 
both the epidemic (coastal) and epizootic (imand) areas; (2) A. solicitans served as the 
primary epidemic vector in the coastal area where most of the human cases occurred, 
obtaining its infection from the peridomestic avian reservoir hosts (including chickens) 
and subsequently transmitting the infection to man; (3) A. vexans served as the primary 
epizootic vector in the inland area of the equine outbreak, obtaining its infection from 
peridomestic avian hosts and subsequently transmitting the infection to horses; and 
(4) A. vexans may also have served as a vector for occasional human cases that occurred 
in the inland area.” The authors feel that they have suitably accounted for this hypothe- 
sis in that they are able to reconcile it with the known habits of the vectors involved, 
including their feeding on both animal hosts and human beings. 

Pratt and others 397 stated in 1963 that “epidemics of three types of encephalitis 
continue to occur in many parts of this country and are the most important mosquito- 
borne diseases in the United States today. Pest mosquitoes are important to human 
health as their continued annoyance affects physical efficiency and comfort, mental equa- 
nimity, and the enjoyment of life (Bradley, 1951).” These authors state: “Beginning 
in 1958, less than 100 cases of malaria have been reported each year for the entire 
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United States, most of them contracted overseas, with only three or four primary in- 
digenous cases reported in 1961 and 1962.” They said also that although there are 15 
Anopheles species (of mosquitoes) in the United States, only two seem to be important 
in milaria transmission: A. quadrimaculatus ea^t of the Rockies and A. freeborni west 
of the Rockies. They stated that no epidemics of yellow fever had occurred in the 
United States since the 1905 outbreak in New Orleans ani that no major epidemic had 
occurred in all of the Americas since 1942. They were of the opinion that the encepha- 
litides found in the United States were caused by different viruses transmitted normally 
from bird to bird, and less commonly from bird to man or his domestic animals by a num- 
ber of species of mosquitoes. Suspected vectors were listed as Culiceta melanura , Aedes 
sollicitans , and A. vexans , and Mansonia perturbans in the case of Eastern encephalitis. 
Culex tarsalis was considered the most important vector of Western encephalitis. 397 

In reference 397 it is stated that “members of the Culex pipiens-quirquefasciatus 
complex are the chief urban vectors.” These authors said that in the Tampa Bay, Florida, 
epidemics of 1959, 1961 and 1962, Culex nigripalpus was the probable vector. They 
stated also that “these three types of encephalitis are generally considered to be viral dis- 
eases in which birds serve as natural hosts and mosquitoes as the most important vectors. 
According to Hess and Holden (1958) the basic transmission cycle from bird to bird is 
maintained by mosquitoes with the human and horse cases considered as accidents and 
dead-end hosts in the chain of infection.” 

They say of filariasis: “Human cases of filariasis (are) not now known to be nat- 
urally acquired in the United States.” They quote other workers on the temperature 
and humidity requirements for the successful infection by filarial worms and state: “If 
this is true, only a relatively small area of the United States . . . those states bordering 
the Gulf of Mexico, Georgia, and South Carolina ... is favorable for the establishment 
of filariasis.” They note as vectors Culex quinquefasciatus , C. pipiens , Aedes polynesi - 
en$i$ t and Anopheles gambiae . They list Anopheles quadrimaculatus as the most impor- 
tant vector of malaria in the United States, and state, “ [This mosquito] breeds chiefly in 
permanent fresh water pools, ponds, and swamps which contain aquatic vegetation or 
floating debris .... Breeding seldom occurs in stagnant waters heavily polluted with plant 
or animal matter. Some of the common habitats are lime-sink ponds, pits, sloughs, bayous, 
sluggish streams and shallow margins and backwater areas of reservoirs and lakes. (King, 
Bradley and others, I960).” 397 

These authors state that Anopheles freeborni (the Western malaria mosquito) 
“breeds in permanent or semi-permanent waters which are at least partially exposed to 
the sunlight, and contain vegetation or flotage. It has for the most part adapted itself to 
seepage, borrow pits, hoof prints, improperly irrigated fields and the edges of streams and 
irrigation canals.” They note that the breeding places for species of Aedes are quite 
variable, and that “in general, they breed in temporary pools formed by rains or melting 
snows. Some species breed in the coastal salt marches which are flooded at intervals by 
unusually high tides. Others have become adapted to irrigation practices. A few species 
breed in tree holes, rock pools and artificial containers.” They found that the vector of 
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urban yellow fever and dengue, Aedes r.egypti “is thoroughly domesticated, breeding 
almost exclusively in artificial containers in and around human habitations.” They noted 
that some 26 species of Culex had been reported in the United States. This group in- 
cluded several important pest species and disease vectors. 

In this work it was also stated that “ Culex mosquitoes breed in quiet waters of 
almost all types from that in artificial containers to large bodies of permanent waters. 
Water in which there is organic material including sewage is often a favorite breeding place. 
Culex nigripalpus is the proven vector of St. Louis encephalitis virus in the Tampa Bay 
outbreak in 1962.” They found that Culex pipiens, the northern house mosquito, occurs 
throughout the northern United States and as far south as Georgia and Oklahoma, and 
that Culex quinquefasciatus, the southern house mosquito, occurs in all the southern 
states from coast to coast and extends northward to Nebraska, Iowa, Illinois and Ohio. 
They stated that the members of this species complex “are important vectors in urban 
epidemics of St. Louis encephalitis, particularly in the Midwest.” Both species were noted 
“to breed prolifically in rain barrels, tanks, tin cans, and practically all types of artificial 
containers. These species do not migrate far except when great numbers are being pro- 
duced. Culex tarsalis is believed to be the most important vector of encephalitis to man 
and horses in the western states. It is essentially a rural mosquito. The larvae utilize 
almost all types of water. These include canals, ditches, borrow pits, impoundments, 
ground pools, and hoofprints, as well as artificial containers of various types such as cans, 
jars, barrels, drinking troughs, ornamental ponds and catch basins.” The species is noted 
“to fly at least ten miles, although the majority of individuals probably remain within 
a mile of their breeding places.” In regard to the Culiseta group, “two species have been 
found naturally infected with encephalitis virus but their relation to the epidemiology 
of these diseases is not known.” 

Mosquito contra 1 : ■ important in the disposal, stabilization, and treatment of solid 
wastes by lagooning. 744 

Thomas (1963) discussed dosage factors in the transmission of western enceph- 
alomyelitis virus, and noted that a titer in the donor required to infect the salivary glands 
of 7 percent of the mosquito population was 10 -38 . To infect the salivary glands of 50 
percent of the mosquito population, a donor with a virus titer of 1CH 6 was required. 
This investigator studied the distribution of western encephalomyelitis virus in the mos- 
quito vector, Culex tarsalis. He stated: “The percentage of mosquitoes infected varied 
directly with the degree of viremia of the donor. A single mosquito was capable of trans- 
mitting virus to a 4-day-old mouse or a 9-day-old chicken.” 6,0 

In 1963, comments of interest to the epidemiology of malaria were made by Lang- 
muir: 88 "... new criteria soon revealed that malaria had disappeared as an endemic dis- 
ease from the South, probably before the DDT program had gotten underway ... At 
some time between 1935 and 1945, malaria mysteriously disappeared . . . The slight rise 
in the morbidity curve in 1945 reflects the influx of infected veterans . . . The sharp 
peak in the curve in 1951 and 1952 reflects the Korean War and the occurrence of several 
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thousand cases among veterans ... In the past five years, the incidence of reported 
malaria in the whole country has remained below 100 cases a year.” 

Another reference to mosquito breeding in waste stabilization ponds was made by 
Nemerow and Bryson 08 in 1963. Such ponds are used for the reduction of solid wastes 
suspended in a liquid transporting medium. 

In 1964, Garrison and others 150 noted that mosquitoes were attracted by wastes 
discarded by rural populations along the highways. 

In 1964, Reeves and others, 60 reporting on 15 cases of Western encephalitis and two 
cases of St. Louis encephalitis in Kern County, California, in 1958, referred to high water 
levels following heavy rainfalls associated with an immense vector population of Culex 
tarsalis . The relatively small number of cases, in spite of this epidemic potential, was 
ascribed to “a combination of low temperatures in the early summer that delayed ex- 
trinsic incubation of virus in C. tarsalis and successful control of the vector population in 
the urban area by midsummer.” In the same year, Aitken and others 572 reported the iso- 
lation of St. Louis encephalitis virus in Trinidad. In the years 1955 through 1962, there 
was a total of 19 such isolations from birds, mosquitoes, and one human being. In the 
same year, Dow and others 612 isolated St. Louis encephalitis virus on 22 occasions from 
mosquitoes taken in the Tampa Bay area of Florida during the epidemic of 1962. The 
mosquito chiefly involved was Culex nigripalpus . One other mosquito, Culex melanconion , 
was also found infected. It was stated that “these isolations indicate that infected vectors 
were prevalent over a vast area exposing the human population to infections throughout 
the region.” 

The worldwide nature of mosquito-borne encephalitis in humans is reviewed in 
the 1964 British Medical Journal . 614 

In the period 1960 to 1964, there were 464 cases of malaria reported in the United 
States. In 1964 alone, there were 102 causes. 361 

In 1965, Bond 613 reported on the 1962 epidemic of St. Louis encephalitis in Florida 
with the following comment: “There were 43 deaths, giving a case fatality rate of 22.2 
percent. [The] virus was recovered from 4 human beings and from 42 mosquito pools, 
of which 40 were Culex nigripalpus .” Of interest was the high clinical disease rate among 
elderly retired persons in the country. Bond stated, “Widespread viral activity in nature 
was demonstrated by mosquito collections and serologic findings on wild or domestic 
birds in each of the 4 counties. The geographic differences in human disease rates were 
ascribed to differing exposure factors related to wild bird density and local vegetation, 
and to variation in age composition, leisure time activities, or previous arbovirus experi- 
ence in the human population.” 613 

The multiplicity of sources of water which serve as breeding places for mosquitoes 
is referred to by Kimball 396 in 1965: “Breeding sources within the drainage facilities are 
perpetuated by accumulation of small quantities of community waste water resulting 
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from irrigating lawns, washing sidewalks and streets, testing fire hydrants, , . . pumping 
out swimming pools and, in suburban areas, from irrigation of citrus groves and other 
agricultural operations. Natural breeding sources aie creeks and ravines; natural depres- 
sions and other low areas; and salt marshes. Potential sources are ornamental pools, plas- 
tic swim pools, decorative vases, buckets, jars, cans, old tires, boats in storage, animal 
water, watering containers, and almost anything that will hold water for a week or more.” 

Adaptability of mosquitoes to environmental changes effected by man is noted in 
a World Health Organization Technical Report of 1965 234 : “In certain large cities . . . 
this threat (of mosquito-borne disease) has already become a reality, especially with re- 
gard to the rapid increase of one insect, the mosquito Culex fatigans , a vector of ban- 
croftian filariasis. This mosquito has established itself in the urban environment, adapted 
itself to it, exploited it and turned its own peculiar characteristics to its own advan- 
tage. ... It uses man-made breeding places to such an extent that its population density 
is positively correlated with that of man. In particular, these breeding places tend to be 
highly contaminated waters where the larvae are able to make maximum use of the or- 
ganic pollution typical of an insanitary urban environment. The mosquito has the ability 
to shelter in houses, often in places that are difficult to reach with insecticides. It feeds 
on man and uses human blood for egg maturation.” (See also reference 753, pp. 135-139.) 

In 1965, Beaver and Orihel 742 reviewed 18 previous cases of filariasis reported in 
the United States, and added 21 new cases. These were due to filariae of animals. The 
great majority of these cases were from residents of Florida. Two cases were reported from 
Oklahoma and Missouri and one from Washington. In the previously reported cases, 
Michigan, Massachusetts, Louisiana, Texas, Wisconsin, and New York were involved. 
The agent of the disease, Dirofilaria, is noted by Hull 167 - p 920 to be transmitted by mos- 
quito bite. Domestic pets, such as cats and dogs, harbor some of these forms. Beaver 
and Orihel state that “at present, approximately half the known cases (in the world) 
have occurred in the United States.” 

In regard to prevention of mosquito-bome disease, it has been shown that some 
species have become resistant to insecticides. 234 

These references, while not exhaustive, are representative of the available material 
on possible relationship of solid waste to mosquito-bome disease. Other references of in- 
terest to this subject are 751 (pp. 72-97), 752, and 753. 

DISCUSSION AND CONCLUSIONS 

The present importance and the potential for the spread to humans of mosquito- 
bome disease due to solid waste are impossible to state quantitatively on the basis of 
available information. Compared to breeding media provided by natural and man-made 
bodies of water, storage reservoirs, irrigation and the like, solid wastes would seem to be 
of little importance. However, where mosquito eradication is attempted, failure to con- 
trol solid wastes as potential breeding places could well negate the program. 
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Under prevailing circumstances in the United States, solid waste is probably of 
little importance in the transmission of mosquito-borne diseases to man. Should diseases 
such as malaria, yellow fever, or dengue become endemic in this country, vector proximity 
necessary to high rates of infection between hosts and vector would be established by 
accumulation of solid wastes in communities or about homes. Certainly any attempt to 
deny the mosquito access to human habitation, whether for its potential role as a vec- 
tor of disease or its role as a pest, must include control of solid wastes. 

RECOMMENDATIONS 

To demonstate a solid waste/ mosquito-borne disease relationship, investigation 
would have to be done to determine (1) that infected mosquitoes are found associated 
with breeding media afforded by solid waste and, (2) that they can reasonably be related 
to human cases in the area of invasion by these mosquitoes. 

The priority of this type of investigation, however, as opposed to that in other 
aspects of mosquito control or of solid waste disposal studies, would not appear to be 
very high. 

Therefore, assuming that all potential mosquito breeding media are important in 
the spread of such diseases as viral encephalitis in the United States, the following rec- 
ommendations are made: 

Public education on all aspects of waste storage, including that of water collection, 

excessive moisture, and larval food sources conducive to mosquito breeding 

Control of municipal, commercial, and industrial wastes and disposal sites in a 

manner preventive of mosquito breeding 

Research on chemical , bological, and other controls of mosquito propagation in con- 
nection with solid waste stabilization and treatment ponds 

Research on waste treatment methods preventive of mosquito propagation. 

SPECIFIC DISEASE 

Encephalitis (anthropod-borne ) . General 

Anthropod-bome encephalitides are transmitted mainly by mosquitoes of various 
species. Western encephalitis, for example, is transmitted largely by Culex tarsalis , al- 
though other Culex and Aedes, Anopheles and Culiseta mosquitoes carry the disease 
agents. 167 - p 736 

In order to associate solid waste with this disease, linkage must be established which 
will take into account the ecology of the vector. 

Postulation. Solid wastes of the trash variety contain materials — tin cans, old 
tires, plastic containers, automobile bodies and many miscellaneous items — which may 
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catch and retain rainwater or water from other sources. Mosquitoes breed in these re- 
ceptacles which are often found in close association with human habitation. The mos- 
quitoes thus bred may feed on domestic, avian, and other hosts of the virus, which have 
been infected by sylvatic vectors, and in turn feed on humans to which the virus is trans- 
mitted. 



Evidence . There is no direct evidence in the literature — no tracing of human 
encephalitis to mosquito to trash receptacle — for associating solid waste to mosquito- 
borne human disease. House mosquitoes, however, which breed in such containers are 
capable of transmitting the viru3 167 - pp- 733 ~ 74 s anc j are known to feed on and become in- 
fected by animal hosts of the virus. Other species, less selective, may breed equally well 
in natural bodies of water, and in water made avail ble by man through careless disposal 
of refuse. 167 « pp- 733 » 73 e f 741 , 745, 747-748; 613, p. 399 

The epidemiologic evidence in human viral encephalitis often points to excessive 
breeding of mosquitoes brought on by heavy rainfall, 611 ' pU9 or improper irrigation 
methods. 

Although large mosquito populations seem to be required to result in human en- 
cephalitis, the disease has been transmitted to small animals by the bite of a single in- 
fected mosquito. M0 - p - 164 

In an area of endemic encephalitis, the appearance of a human epidemic can oc- 
cur through the agency of a primary sylvatic mosquito vector spreading infection to 
domestic animals and of a secondary mosquito transmitting the virus from these hosts to 
man. 5n> pp*n*-i 2 ° More than one mosquito species may take part in transmissions of this 
type. As a final step, a mosquito is required which is capable of being infected by animal 
hosts and passing the virus on to man. Some of these breed in waste containers and 
are commonly found in human habitation (see Mosquito-borne Disease section). Little 
investigation has been made on the infection and infectivity of such mosquitoes actually 
trapped in residential areas or, specifically, in water contained in waste. 

Miscellaneous Communicable Disease 
FUNGUS DISEASE 

General. Land fill disposal of avian manures and feathers raises the question of 
maintenance and spread of pathogenic soil fungi by such operations . 500, 6011 5021 p,6: 604 ■ p< 1034 ~ 
1035 Once infested, the soil may continue as a reservoir of mycotic infection for man for 
many years . 155 It is conceivable that disturbance of infested soils for the burial of solid 
waste may create a hazard. 

Postulation. It is possible for pathogenic fungi to cause disease in man through 
the medium of solid wastes which provide the proper medium for growth of certain fungi, 
or, indirectly through disturbance of infested soils in preparation for solid waste disposal. 
It is further possible for sanitation workers handling waste contaminated by pathogenic 
fungi to become infected. 
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Evidence. In 1954, Levan 500 reported the following cases: (a) a fatal case of 
coccidioidomycosis in a worker after the sorting of dusty wool from an endemic area; (b) 
a case similar to case (a); (c) a crane operator who contracted the disease working on a 
project at Muroc Dry Lake; and (d) pulmonary coccidioidomycosis in a man hired to 
clear new land with a tractor and leveler. During this operation he was exposed to “a 
very high concentration of dust." The case was accepted by the insurance carrier as 
occupational. 

Smith 332 stated in 1957, that sporotrichosis causes disease in man by infecting 
minor wounds* The infection was found particularly in male agricultural workers. Ex- 
posure to dust in areas of endemic coccidioidomycosis is considered especially hazardous 
because of the "vast numbers of dry (spores) which very readily become air-borne." Man 
is said to contract the infection histoplasmosis "by the inhalation of dust derived from 
reservoir of fungus in soil." This author stated that "most of the evidence regarding the 
dispersal of fungi pathogenic for man and animal is circumstantial. The reservoir of a 
number of the major systemic mycoses is almost certainly soil, and for these conditions 
air-borne dispersal of fungal spores or of contaminated soil particles appears to be charac- 
teristic. The portal of entry of the soil-inhabiting pathogens is either the lungs (coccid- 
ioidomycosis, histoplasmosis) or a chance injury (madura foot). * 

In 1957, Emmons 175 stated: "A factor common to many of these locations (where 
Histoplasma capsulatum was found) was the presence of fecal material of chickens or 
other birds, although the natural occurrence of the disease in birds has never been 
proved. . • . The most probable explanation for the presence of histoplasma in these sites 
is that the fungus grows as a saprophyte in a suitable soil and is quite independent of any 
animal hosts. Histoplasma may persist in soil for long periods after the environmental 
conditions with which its presence is usually associated has been altered. The fungus 
has been isolated from garden soil, from heaps of chicken droppings left in exposed sites 
on a hillside, and from beneath blue grass sod three years after the removal of a chicken 
house on the site. . . . One can conclude that fungi capable of causing human disease are 
frequently present in varied environments, that man must be frequently exposed to them 
by inhalation or trauma and that such exposures probably lead only rarely to progressive 
and fatal disease." 175 

In 1958, Furcolow 173 stated: “. . . histoplasmosis and coccidioidomycosis appear 
to be diseases of nature. The infecting organisms in these diseases grow freely in the soil 
and are disseminated to human beings through the medium of inhalation of the spores. 
. . . The present theory is that the fungus W. copsu/afum appears to be limited to its pres- 
ent geographic tone by conditions of temperature and humidity. It grows in localized 
places where the microclimatic conditions of temperature and humidity are satisfactory 
and not in any generalized manner. Finally* it appears to infect people who come to these 
localized sites and inhale the spores. . . ." 173 

In 1958, Hosty and others 35 quoted a report of Kier and co-workers who traced 
histoplasmosis in an individual to the handling of chicken manure purchased by a city 
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dweller /or use as a fertilizer for flower beds. Hosty reported on three cases of histo- 
plasmosis which involved a father and his two children, and believed that manure — prob- 
ably from chickens, which had been collected by the parents — was a possible source of 
infection. The father’s infection proved fatal. 

The 1960 text of Hunter and others 517 defines coccidioidomycosis as “an acute, 
subacute or chronic infection of the lungs produced by Coccidioides immitis, acquired by 
inhalation . . . Coccidioides immitis has been recovered from the soil . . . Infection of man 
occurs by inhalation of dust containing the highly infectious chlamydospores . . . Primary 
infections have a definite seasonal incidence, occurring predominantly in the hot dusty 
autumn months.’’ It was stated by Hunter that . . Histoplasma capsulatum has been 
isolated from the soil from numerous animals. Infection in man probably occurs by in- 
halation. There is no evidence of animal to man transmission.’’ 

In the book 326 edited by Sweany (1960), the following points on histoplasmosis 
are made: (a) In one study, the presence of the fungus in soil was associated with chicken 
droppings, and all the evidence pointed to "a saprophytic reservoir of the fungus in soil or 
organic debris from which man and animals ... are infected,” (b) Histoplasmosis should 
be considered a disease of nature, found in certain regions and spread to humans from 
some reservoir in the soil or in nature, (c) “There is no question that H. capsulatum is 
disseminated in the air. In most epidemics, . . . air-borne inhalation of spores was re- 
lated to activities at the point source,” (d) “Mice infected with as few as 10 spores regu- 
larly showed lesions and disease in experiments performed by Grayston and others in our 
laboratory,” and (e) "Our present knowledge points to the soil, particularly when en- 
riched by chicken droppings as the major source of infection.” 326 

In 1961, Furcolow 505 stated: “. . . It is . . . clear that H. capsulatum can infect in- 
tranasally with relatively small number of spores. . . . With half a million infections and 
a thousand deaths a year in the United States, the importance of H. capsulatum to pub- 
lic health is self evident. The serious nature of histoplasmosis is indicated by follow-up 
of 100 untreated cases. With average follow-up of less than four years, one-third are 
dead and two-thirds of those surviving are at least 60 percent incapacitated.” 

In 1961, Smith and others 501 stated: “We know that in the experimental infections 
of animals, increasing dosage (of the spores) increases severity as indicated by deaths. . . . 
In one point-source epidemic we investigated, a university student dug a rattlesnake 
from a ground squirrel hole. Subsequently, the fungus was readily recovered from the soil. 
Of the seven students infected, six had symptoms and the student who wielded the shovel 
had the most severe illness.” These authors give the annual death rate in the United States 
from coccidioidomycosis as ranging from 60 to 85, with an 8-year average of 64. "From 
1956, when amphotericin began to be used, the number of deaths has reduced.” They 
further state: “The saprophytism of the fungus enables it to flourish over vast ereas so 
that eradication of it would be wholly unrealistic. Topsoil, from an Indian burial ground, 
where several cases originated, caused infection of several San Diegans when the soil was 
used for landfill. C. immitis was actually recovered from these fills.” 
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In 1962, Emmons 155 stated: “Soil and humus rather tha'. diseased man or animals 
are the reservoirs from which pathogenic species of Streptomyces and Nocardia entered 
the respiratory tract or the subcutaneous tissues of the patient. It is a fundamental con- 
cept . , . that the fungi . . . are normal components ... of the soil or of organic debris 
in the soil.” He also says that, once established, pathogenic fungi are capable of indefinite 
growth as saprophytes in suitable soil. He also refers to the association of chicken ex- 
creta and H. capsuiatum. He states: “. . . We believe the contamination of the soil by 
(starlings) provides the environmental conditions suitable for the growth of this patho- 
genic fungus.” He adds that aspergillosis is relatively rare in man. He found that “leaves 
and branches of trees passed through ‘chippers’ yield a type of coarse mulch that provides 
apparently optimum conditions for growth of A. fumigatus ” — a matter of possible in- 
terest in an association with waste. He says, however, that man appears to be highly re- 
sistant to aspergillosis. 

The pathogenic fungus Cryptococcus neoformans was reported as being isolated 
from barnyard soil and found regularly in old nests and droppings under roosting sites 
of pigeons. The author reported that “several outbreaks of pneumonitis in men exposed 
to old accumulations of pigeon excreta had been recorded in medical literature. Men 
were exposed to dust while cleaning or demolishing old buildings which had housed 
pigeons for many years.” Quoting Vital Statistics of the United States, the author 
states that each of three mycoses (coccidioidomycosis, histoplasmosis and cryptococcosis) 
kills 60 to 76 persons per year, and that "the actual numbers of diagnosed and undiag- 
nosed fatal cases may be many times these numbers." In 1964, Harrell stated: “. . . One 
should . . . expect to find histoplasmosis acquired by pulmonary inhatation in those in- 
dividuals who might have the best opportunity for contact with soil contaminated by 
these sources. . . . Minor epidemics of histoplasmosis have also occur. ed in laborers 
handling . . . soil specimens. Coccodioidomycosis can be considered as occupational to 
some extent in those whose work takes them into the desert areas of the lower Sonoran 
Life Zone and most especially in the San Joaquin Valley. Sporotrichosis is almost in- 
variably acquired by the cutaneous inoculation of the organism at the time of some form 
of trauma to the skin.” 

In 1966, Campbell 804 stated: " Histoplasma capsuiatum is not diffusively dis- 
tributed in soil even in those states or regions in which it is known to be most highly 
endemic. To determine whether K. capsuiatum merits consideration as a potential cause 
of infection in any region or community in which it has not yet been found, a more re- 
fined tool than the skin test survey is required. This is the search for foci in the im- 
mediate area. These foci are protected micropockets of soils which are heavily fertilized 
with an accumulation of either the excreta and feathers of wild or domestic avian or the 
guano of bats or both. Such micro-environments are found in . . . deserted buildings . . . 
town and city parks [or) any protective area where birds or bats habitually congregate 
to nest, roost, or hibernate. Outbreaks of histoplasmosis in Mexico after manipulation of 
soil indicate further that in some areas the endemic areas of histoplasmosis and coccidi- 
oidomycosis overlap.” This author implicates chicken feathers as an actual agent of 




110 



SOLID WASTE/DISEASE 



transmission of the organism from focus to focus. The bat is also implicated as a source 
of the agent. 104 

In 1965, Furcolow 502 stated: “Histoplasmosis and the other pulmonary mycoses, 
of which the most important are coccidioidomycosis, blastomycosis and cryptococcosis, 
are environmental diseases acquired by the inhalation of the agent from the atmosphere 
into the lungs. These fungi grow in the soil and are inhaled after the soil is stirred by 
some activity which creates an aerosol. In general, these organisms are small, 5 microns 
in size, or less, and thus readily penetrate the lungs and are retained there.” He states 
it ha9 been estimated that “in the U. S. alone, 30 million people have been infected with 
this fungus disease (histoplasmosis), and that half a million a year acquire the infec- 
tion. . . . One of the most important [environmental conditions] is enrichment of the 
soil with bird manure. The bird species which may have been involved in enriching the 
soil have been extended to include not only chickens but other avians, such as starlings, 
grackles, blackbirds, oil birds and pigeons. ... It is thus clear that the essential element 
in the soil necessary for the growth of the organism is some extract of bird manure.” 502 

This author speaks of two methods of control for the disease (namely, vaccination 
and eradication of the fungus from its natural sources). He states: "... the eradication 
of the organism ... is extremely difficult, if at all possible.” He then makes the follow- 
ing statement of importance to solid waste landfill operations: “The method of covering 
infected with supposedly uninfected soil has been suggested , . . but, in our experience, 
has been only a temporary value, since positive cultures eventually reappear, probably by 
the growth of the organism through the covering soil with the passage of time.” He refers 
then to very short exposure periods resulting in clinical disease. With respect to solid 
waste disposal, he states: "... a wooded area along a creek . . . was cleared by bulldozer 
operations for the construction of a bridge. . . . The bulldozer operator became ill and 
subsequently died. A number of other persons were made ill and a clinical diagnosis of 
histoplasmosis was made in 29 persons. Consideration of all the facts revealed by the 
studies made it quite apparent that there had been a widespread aerosol created by the 
felling of the trees and the activities of the bulldozer during the hot dry summer period 
in which the clearing operation took place." 502 

In 1965, Dodge et at. 600 reported an outbreak of histoplasmosis among school chil- 
dren who had played in a school yard in which the ground had been contaminated by 
bird droppings under a starling roost. These authors noted that "the absence of grass 
may relieve the fungus of competition for food, especially for essential elements which 
may be present in the bird droppings. The uses to which the school yard was put, both 
as a playground and parking place, helped to create much dust with its load of spores 
and put a high concentration of humans at risk of breathing the dust and spores." 

In 1966 it was reported ,no that micro-epidemics of sporotrichosis can occur through- 
out the United States. It was stated in that work that “Sphagnum moss apparently served 
as the vehicle for the transmission of the disease.” Material already quoted above was re- 
peated in regard for histoplasmosis and aspergillosis. 
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In 1964, Dixon and McCabe stated 109 that fungi potentially pathologic for man had 
been isolated from sewage. Because of the low morbidity generally, the authors believed 
that the presence of such fungi in sewage did not lead to a significant extra health hazard. 

Fungi have been found in sewage sludges, but no mention was made as to whether 
or not they were pathogenic. 211 

Discussion. In all of the material cited, there is not a single reference to infection 
by fungi of sanitation w’orkers in association with sanitary landfills, dumps, or other 
means of disposal of solid wastes. Neither is there any specific reference to parks or play- 
grounds which have been formed over sanitary landfill. However, dumping of untreated 
domestic avian manures in landfills, or scattering of this excrement as fertilizer in areas 
which later could become used for recreational purposes, provides the potential means of 
dissemination of the pathogenic soil fungi. In connection with the practice of covering 
waste with soil in the sanitary landfill, it is of interest to note that histoplasme can pene- 
trate soil after having been buried. 502 ’ p - 7 

The potential hazard to landfill employees is suggested by the short exposure time 
necessary for infection and the appearance of pulmonary infection in personnel associated 
with bulldozing of infested soil. 602 ’ p 8; 501 • 3,0 The hazard from histoplasma to com- 
munities from nearby landfill operations is suggested by the evidence of widespread dis- 
semination of the infection as the result of bulldozing and clearing operations. 5 ° 2 - p 9 The 
use of bird manure as fertilizers in parks and playgrounds thus comes into ques- 
tion. 502 ’ pp 5-8 

The fact that no infections due to soil fungi have been reported among sanitation 
workers engaged in sanitary landfill operations, or in the general public usinf parks or 
playgrounds developed from sanitary landfills, is no guarantee that infection has not 
occurred due to pathogenic fungi resulting from the nourishment provided by organic 
wastes. 



Until attention was drtwn to histoplasmosis and the existence of widespread foci, 
it was thought that this disease was rare. 

The extremely small dose or numbers of infectious elements of the fungi neces- 
sary to cause disease 506 - p 304 suggests a definite potential for infection where avian 
manures are disposed. In addition, it would appear that the pulmonary deposition of 
the agent of histoplasmosis is not necessary, at least in mice, for the development of the 
disease. 506 ^ 304 

A significant factor relating to the dissemination of pathogenic soil fungi in the 
operation of sanitary landfills is the disturbance of the soil of the si 4 e in oreparing 
trenches or in moving debris and the frequently attendant dust raised by both trench- 
ing and covering. Air-bome pathogens are thereby potentially introduced to unprotected 
landfill workers. 
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It is interesting to speculate that if the bat is actually a carrier of Histoplasma 
capsulatum , S<M ' p 1335 and hence a disseminator for the development of foci, the proper 
control of garbage could act to reduce the number of insects which provide the basic 
food for this animal — an animal that is also a carrier of rabies and other zoonoses. 

Conclusions. Present data do not permit any estimate of the possible hazard of 
pathogenic soil fungi in association with solid wastes. On the one hand, the earlier con- 
lideration of histoplasmosis as an uncommon disease, and its ultimate revelation as a very 
widespread infection, does not permit an offhand dismissal of a significant relationship 
between the diseases caused by these fungi and solid wastes handling. On the other hand, 
the importance of the disease from the standpoint of morbidity and mortality should not 
be over-estimated pending further research on its epidemiology and prevalence among 
specific populations known to be directly or indirectly associated with solid waste dis- 
posal. 

Recommendations. In considering disposal methods, application of those forms of 
treatment which destroy pathogens would seem highly preferable to those which merely 
cause reduction in their numbers, or no redur ion at all. 

Since the fate of the pathogenic soil fungi in sanitary landfills is not known, both 
current landfill operations and former landfill sites converted to recreational areas should 
be studied. The suppression or multiplication of the agents by landfill methods would 
have to be known if the potential for infection is to be estimated. 

Epidemiologic studies of histoplasmosis in the general population should include 
consideration of solid waste disposal sites in tracing the source of infections. 

Sanitation workers should be screened to discover the prevalence of the infection 
among them as opposed to that of the regional population in general. A careful determina- 
tion of the presence of foci in the areas worked by sanitation workers should also be 
carried out. [One author feels that population surveys alone are not dependable, at least 
in the case of histoplasmosis. 804 ] 

The use of sanitary landfills as parks and playgrounds perhaps should be prefaced 
by investigation of the potentialities for culture and dissemination of pathogenic fungi. 

Fertilizers prepared from chicken manure particularly should be examined for their 
ability to create a favorable environment for the implantation and multiplication of fungi. 
Similar investigations of other wastes may be required to determine if they support other 
types of lethogenic fungi, or help to create favorable environment for their growth. Com- 
posts and sludges used as soil conditioners also should be investigated. ®°*- 4; ***• p ,!0B 

Consideration of pathogenic soil fungi would thus seem appropriate in selecting 
sites for sanitary landfills and in the choice of the material to be disposed and used for 
cover in the fills. A question for the future, in this regard, might be the following: Will 
landfills in which large amounts of avian manure are disposed become eradicable reservoirs 
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of Histoplasma capsulatum ? 155 The general question, of course, is this: Can waste create 
the environmental conditions necessary to propagation of pathogenic soil fungi? The con- 
cern here, of course, is that, once infested, the soil may continue as a reservoir of mycotic 
infection for man for many years. 15 It is therefore suggested that sanitary landfills used 
as parks or other recreational purposes be maintained under surveillance, at least until it 
is established that no risk exists of infection by fungi. 

ANTHRAX 

General. It has been suggested that anthrax may arise from contact with animal 
wastes. 23 

Hull 167 states that anthrax is primarily a disease of animals; that secondarily, 
man is infected from an animal, either by direct or indirect means (page 8?.); and that 
it occurs in all parts of the world (p.83). He states that “practically all animals are in 
some degree susceptible to anthrax. Cattle, horses, mules, sheep, goats and the wild 
herbivores are most commonly affected. . . . Although anthrax in livestock in the United 
States is principally confined to cattle, outbreaks in horses, mules, sheep, and swine are 
also encountered. Infection in livestock usually is a result of grazing on infected pasture- 
land rather than by contact. Infection may also be caused by contaminated fodder or 
artificial feed-stufTs, such as bonemeal, fish meal or oilcake and tankage; by drinking 
from contaminated pools; or by the bites of contaminated flies (pp.95-96) ... .To prevent 
the introduction of anthrax into the United States, Federal regulations governing the 
importation of bones, or bonemeal for use in animal feeds or fertilizer are enforced by 
the Department of Agriculture.” 167 

Postulation. Anthrax may be transmitted by indirect modes involving wastes. The 
disease agents might be disseminated in anima! excreta, by flies as universal carriers 
of disease agents, in tissues of dead animals, or in wastes from animal product manufac- 
turers such as the leather industry. 

Evidence. In 1907, Buchanan 360 in investigating the carnage of infection by flies, 
found that "a very profuse growth of Bacillus anthracis ” resulted when flies contaminated 
with the bacillus were permitted to walk on agar surfaces. In 1913, Graham-Smith m 
stated in regard to anthrax,” . . . under suitable conditions, which are not frequently 
fulfilled, the bacillus may be distributed by flies in many ways, though no definite evidence 
of infection either in men or animals has yet been obtained" (p. 186). 

In 1914, Mitzmain 859 found that biting flies could not play a role in the trans- 
mission of anthrax “until the peripheral circulation becomes invaded with tremendous 
numbers of the anthrax bacterium.” The stablefly, Stomoxys calcitrans, was found to 
transmit anthrax when permitted to feed on animals recently dead of the disease (that 
is, within the first few seconds or minutes following death). Guinea pigs exposed to the 
bite of the flies died ;id "typical pictures of anthrax infection were presented at the 
necropsy. . . . Pure cultures were obtained from the spleens of the dead animals.” This 
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investigator also noted that “typical organisms were seen in the feces of horseflies at 
various intervals up to 48 hours from the time the infected animal was bitten. The feces 
of the stablefly were likewise found to be infected up to 24 hours after obtaining blo-'d 
from a sick animal.” 359 

West 90 reported in 1951, that flies were capable of transmitting anthrax, but gave 
no factual data of an epidemiologic nature. Similarly, Chandler implicates the Diptera 
as a mechanical conveyor of anthrax (p.663). In 1961, Herms 195 stated: “It has been 
amply proved that coprophagous fly larvae [maggots] . . . may transfer bacteria . . . 
through the pupal stage to the mature flies. In this manner, the infection of anthrax 
may be disseminated by flesh flies, bred in carcasses of animals that have died of this dis- 
ease” (p. 22). 

In 1957, Smith 332 stated: "Spread of the disease from animal to animal by direct 
contact rarely occurs; there is some medium through which infection most usually 
occurs. Infection takes place by the alimentary tract and the bacilli are excreted by the 
urine, faeces, and possibly the milk during the latter stages of infection. Bloodstained 
infected fluid exudes from all orifices of the body at death, and the immediate surround- 
ings may be heavily contaminated. The bacilli do not sporulate in the unopened carcass, 
but when the bacteria are exposed to atmospheric conditions spores are produced and 
these are resistant and may remain alive in or on infected soil for many, many years. 
Animals may therefore be infected by feeding on contaminated pasture land and the 
greater incidence of infection in swampy areas and during the summer months is asso- 
ciated with the development of the spores and the multiplication of the bacteria on the 
decaying vegetable matter in these areas. In Great Britain, outbreaks are associated with 
feeding imported infected foods. The disease is therefore not only more common during 
winter months when artificial foodstuffs are used but is clearly more frequently observed 
amongst cattle which are fed on imported foodstuffs than amongst those cattle and sheep 
which are fed in a different manner.” 332 In speaking of this disease in 1958, Shahan and 
Traum 67 state: “In 1952 anthrax occurred extensively in animals in some areas of the 
United States, particularly in the Middte Western states. It is believed that at least one 
outbreak was caused by the feeding of imported bonemeal containing anthrax spores.” 

In 1962, Klein et at. quoted another author, ". . . Tannery wastes may con- 
tain the very resistant spores of anthrax bacilli derived from hides.” In 1965, Okum and 
others 70 quoted Jansky to the effect that he was able to recover hair and flesh from 
tannery wastes. 

In regard to incidence of the disease, both in animals and man, it has been stated 
that in Iran during 1945, one million of a total of 15 million sheep died of anthrax. 6 * 2 In 
the same work it is stated: "In the United States scattered outbreaks are widespread, 
but the disease is not a continuing problem except in certain areas. During the period 
1945-1954, 3,447 outbreaks were reported from 39 states with loss of 17,600 head live- 
stock.” In the United States, approximately 60 cases of human cutaneous anthrax were 
said to be reported annually, with the probability that additional unreported cases occur. 
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It was further stated: "Man is infected by contact with infected animals (agricultural 
jinthrax) or contaminated animal products (industrial anthrax). Agricultural anthrax oc- 
curs in farmers, veterinarians, and slaughterhouse workers. Industrial anthrax occurs in 
persons whose work brings them in contact with contaminated hair, wool or hides although 
other products have been responsible for scattered outbreaks. Dock workers are occa- 
sionally infected while handling contaminated hair and hides.” 682 

In its report of vector-borne diseases in the United States, the Public Health Serv- 
ice affirmed that there were 54 cases of anthrax during the period of 1960 to 1964. In 
1964, five cases of vector-borne anthrax were reported. Hull stated that the yearly inci- 
dence of anthrax in man for the period 1945 to 1960 was less than 70 cases. This author 
reported that anthrax fatalities occurred in tannery industries in both Germany and the 
United States in the period 1927 to 1932. This author quoted the Smith reports for the 
period 1919 to 1943 in which human cases were derived from “hides and skins of cattle, 
goats, horses, and mules, horse-hair, imported wool, blood meal, and fertilizer.” Numerous 
cases of occupational origin (none involving sanitation workers) were mentioned. Sug- 
gested links, were noted, however; it was found that "other cases occurred in rendering 
plants and from the use of fertilizers, the material in one instance being wool waste.” 
Economic pressures often result in the conversion of former wastes into by-products, as 
in the case of food or other processing activities. Whereas bones formerly were disposed 
of as waste, they are now converted into fertilizers and bonemeal. A number of fatal 
cases were reported by Hull to have been the result of infection through bones, bone- 
meal, or fertilizer. ,67> p 102 Hull also mentions infections conveyed by biting flies (p. 103). 
Since dead animals are a major waste source, the following quote from Hull is of interest: 
“Bites from pets which have recently fed on the carcasses of animals dead of anthrax have 
been known to cause anthrax infection” (p. 103). Also of interest is the statement: "Con- 
tact may be more remote, as handling hides which have been shipped long distances. 
. . . the contact may be very remote, as a man . . . becoming infected by a shaving 
brush made from hair of an infected animal in China” tp. 104). 

Hull also reports <A a case of anthrax in a New York laborer cleaning out a sewer 
(p. 107). 

In 1960, Reed and McMillan quote a World Health Organization committee 
report on anthrax to the effect that, while there are approximately 9,000 cases of human 
anthrax i ported annually, the actual incidence (due to underreporting) may be as much 
as 90,000. These authors also note that tannery wastes may serve as a potential source 
of contamination, as may artificial feeding stuffs such as bonemeal. 

In 1964, Meyer 561 stated that "anthrax is an occupational infection of . . . handlers 
of hides or fibers”. He also made the following statements: "Asia has been distributing 
contaminated animal by-products such as hair, wool, and skin, and this has reverberated 
in industrial plants and in agriculture elsewhere through use of unsterilized boneflour and 
bone, hoof or meatmeal as artificial feeds on farms. The U. S. Department of Agriculture 
has established new requirements that have eliminated the risk from that source.” 
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Discussion. Present laws and agricultural practices in the United States have re- 
sulted in a very small number of cases of human anthrax in recent years. The present 
total risk of anthrax as a possible disease of sanitation workers is implied in the one 
quoted case involving a sewer worker. However, as pointed out by Hull 167 (p. 106, 
p. Ill), the hazard from dead animals which have succumbed to this disease is extremely 
high. In fact, the extreme virulence of anthrax, as implied in the cases quoted above, 
could easily result in the spread of infection to sanitary workers and others handling 
waste animal products should anthrax become established on a broader scale in this 
country smong the animal population. 

Conclusions. The present level of anthrax in animals and humans in the United 
States is low enough so as to present little risk to American sanitation workers. To the 
extent that the laws of the United States are not carried out with respect to introduction 
of contaminated materials from foreign countries, there will be a certain risk. This risk 
of becoming infected will extend to persons both within and without the animal products 
industry through the handling of waste materials. The risk is especially high among 
persons attempting to dispose of the bodies of animals dead of the disease, and very spe- 
cial precautions must be taken in the event of suspected animal anthrax (Hull, p. 111). 167 

Recommendations. The virulence and infectivity of anthrax is well known, as are 
other epidemiologic factors of concern to waste handling. The continued education of 
the animal products industry, and the enforcement of existing laws along with inspection, 
bacteriological testing of imported animal products, and testing by the industry of the 
manufactured product should suffice to control anthrax. There is no further requirement 
at the present level of anthrax in the United States. 

TRICHINOSIS 

General. Trichinosis in the United States is mainly transmitted to humans by in- 
gestion of pork containing viable larvae of the nematode Trichinella spiralis. The dis- 
ease is widely spread among carnivores and other animals of all types. It also is found 
in aquatic mammals . ta7 - p ,S0; **• p 3,4 The eating of such animals has led to trichinosis 
in man. ,67 - p 438 



Postulation. The epidemiology regarding the usual transmission of trichinosis to 
nun requires no postulation as far as solid waste is concerned. 

Evidence. It is known that the feeding of raw garbage to hogs is the major factor 
in the completion of the hog/human cycle. ®° l7> p ,w - ,67> w*- 437, **■ 4401 &J8> p 3,3 Larvae con- 
tained in raw or improperly cooked pork scraps are consumed by garbage-fed pigs and 
complete their encystment in the animal, whose meat is then eaten by the human. If the 
larvae are not killed prior to consumption of the meat, the worm completes its human 
cycle. 

The evidence is twofold: first, the reduction in feeding of raw garbage to hogs has 



literature survey 



117 



resulted in a marked reduction in swine infections, 506 - p 872 and, second, grain-fed animals 
only rarely contain trichina. 608 - 1 116 

The decrease in prevalence and degree of infection in man and pigs followed "en- 
actment and enforcement of regulations prohibiting the use of uncooked garbage in swine 
feed.” 506 ' p 872 It is ironic to find that these controls were instituted to control virus dis- 
eases of swine and not trichiniasis in man. 507 ' p 160 However, with only 2 percent of 
slaughtered hogs fed on garbage, “the density of infection in them was sufficiently great 
to contribute significantly to infection in man.” 606 ' p 872 The continued feeding of raw 
garbage to hogs still accounts for localized trichinosis, 607 ’ p ,6,; 6081 p 314 and for infested 
meat from slaughterhouses buying hogs from many sources. 609 ' p 237 

Rats associated with dumps have been found infected, but the relationship of rats 
to swine and human infection is not understood. 608 ' pp- sn-sis; eoe. p . 872 

Discussion, Conclusions and Recommendations. The epidemiology and means 
for prevention of trichinosis in humans is well understood. No further research on the 
disease in regard to solid wastes is required. 

TRYPANOSOMIASES 

General. Chagas’ disease in America., caused by Trypanosoma cruti, is transmitted 
by reduviid bugs. It is a typical zoonosis, and if man enters a natural focus he may acci- 
dentally acquire the disease when attacked by the wild vector. 

Raccoons can be spontaneously infected with T. cruti. In the Luited States, rac- 
coons raid human habitats in search of food, especially if reclamation of land by man 
destroys the natural habitat (Hoare, pp. 288-291). 665 The attraction of house, garbage, 
garbage dumps and indiscriminate litter of food, can — as in the case of rats — support 
a raccoon population close to human habitat. In Chagas’ disease, the vector has adapted 
itself to the human domicile and feeds on human blood (p.291). 656 

Such adaptation is representative of the probable evolution of many diseases of 
man, and there is certainly no reason to believe that such evolution has stopped. There 
is no guarantee that new adaptations will not occur through man’s activities in disturbing 
the natural vector/feral animal relationship (pp. 285-286, 291). 665 Thus man’s failure to 
dispose properly of his wastes can contribute to increasing the number of disease agents 
to which he is susceptible. 

In the United States, clinical Chagas’ disease, in spite of natural foci of infection, 
is very rare. This may be due to a number of factors, including variation in the habits of 
the local vector (p.292). 666 

Discussion and Conclusions. This material has been presented only to suggest the 
extent to which solid wastes can provide a potential threat to man through adaptive or 
evolutional mechanisms. Ecology is not a static phenomenon; on the contrary, it is ex- 
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tremely dynamic. Evolutionary changes can occur in very short periods — witness the 
Australiar experience with rabbits and myxomatosis. 

The following references are given as evidence of adaptive and mutational changes: 



560 (pp. 340, 341, 355) 


196 


558 (pp.363, 366, 368) 


234 


57 (pp. 614-615) 


313 


555 (pp. 286-287) 


319 


581 


331 (p. 2 of the abstract) 


583 (pp. 468-46? ) 


332 (pp.5-6of the abstract) 


154 


344 (p.2 of the abstract) 


155 


391 


156 


587 


162 


591 (p. 1291) 


163 


592 (p.287) 


164 


519 (p. 2 of the abstract) 


168 (p. 2 of the abstract) 


552 (p.2 of the abstract) 


174 


561 


195 


567 



569 (p.2 of the abstract) 



Recommendations. Those concerned with the public health aspects of solid waste 
should give attention to the adaptivity of disease agents and animal hosts toward ex* 
panding the number of infections to which man is subject or increasing the frequency or 
degree to which he becomes infected. 



CROP DISEASES 

Although a number of disease agents associated with solid wastes do not attack 
man, they may still have an adverse effect on his health or well-being. For example, cer- 
tain disease agents attack the animals or crops which supply man’s food. The former 
have already been discussed in brief. 

The intent here is to note, but not document in detail, the fact that there are crop 
diseases for which crop wastes, or insects associated with waste, carry the disease agents 
that damage or destroy the plant food products of man and his domestic animals. 

Due to their enormous reproductive capacity, even small numbers of insects finding 
harbor in waste can infect entire crops and herds the following season. However, critical 
reduction in the wintering population can reduce the extent of insect damage.®* 

The following quotations pertinent to this relation are taken from Metcalf and 
Flint: *® “Many crop insects hide under surface tt sh such as boards, boxes, sacks, brush 
heaps, stone piles, dense grass, fallen leaves and other dead vegetation” (p.410). '‘Stored 
grain pests can maintain themselves in waste grains and screenings." (p.933). “Bean 
vines and other bean plant refuse help sustain the bean weevil” (p.938). 
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Metcalf and Flint found that plant wastes harbor insect pests in various stages of 
development (p. 932). Since fruit Hies deposit their eggs in the rind, they suggested the 
following control measure: “In infested areas fallen fruit should be collected daily and 
buried to a depth of several feet or burned or cooked to destroy the larvae” (p. 814). To 
control the peach bark beetle they advised that “all peach prunings and dying or diseased 
trees ... be removed and burned during the winter” (p. 756). 86 

These comments are typical of those to be found in texts on insect pests and 
plant diseases dealing with crop wastes. 



E. injuries and safety considerations 

General 

Solid waste disposal comprises a number of occupations, including operation of 
trucks, incinerators, bulldozers and other equipment, as welt as various kinds of manual 
work. 



Solid wastes often are handled, either purposefully or accidentally, by householders 
and their families. Exposure to hazards depends on the particular work performed, the 
nature of the material handled, and the extent of protection provided and used — in- 
cluding safety practices as well as equipment. 

Postulation 

In view of the spread of sources and kinds of solid wastes, as well as the variation 
in methods of disposal, a priori statements on the hazards involved in their handling can 
only reflect a feeling that risks are undoubtedly incurred. Some of these, other than 
mechanical hazards, have been discussed elsewhere in this report. 

The possible exposure, for example, of sanitation workers to biologic pathogens 
when handling sludge can be inferred by the probable presence of disease agents in some 
of these residues. 16> 2l5 * 658 



Evidence 

SANITATION WORKERS 

Sliepcevich 134 noted high-frequency rates (69.2) of injuries in “uniformed sanita- 
tionmen” in New York City. She noted comparative excesses (relative to the national 
average) in arthritis and in muscle and tendon disease — especially of the back — among 
refuse collectors. Skin disease was not found to be excessive. 

Except for the negative skin lesion correlation, this report does not refer to dis- 
ease or injuries one might postulate as peculiar to solid wastes (that is, rat bites, enteric 
diseases, chemical intoxication, and the like). 
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One author speaks of the kinds of hazards present in refuse collection but offers 
no data except the fact that accident rates were reduced following the institution of a 
safety program. 447 Similar reports dealt with waste incineration hazards 448 and street 
sanitation. 449 The danger of soiled clothing to refuse collectors (skin rashes, irritations) 
and potential infection of minor injuries from such clothing is described. 451 

Van Kleeck 445 states that sanitary landfills are hazardous to employees and the 
public. Vehicular operation, dust, fires, contamination, explosives and mechanical hazards 
are listed as the possible sources of risk. No frequency or severity data are given. 

Wolfe quotes Mail as stating that the risk of poisoning by pesticide wastes among 
refuse landfill employees is minimal. 15 

The American Public Works Association Committee on Refuse Collection and 
Disposal made the following statement in its 1958 edition of Refuse Collection Prac- 
tice m : “While not a hazardous occupation, refuse collection has numerous perils and 
dangers for workmen who are not alert or well trained.” (p.325) 

The Committee also pointed out the dangers to workmen involved in refuse collec- 
tion such as the lifting of heavy loads, the handling of defective containers, and the in- 
curring of cuts and abrasions in handling the actual refuse. 

Gotaas 314 refers to special precautions to be taken to protect compost plant 
workers when night-soil or sewage sludge is added in the operation, but gives no informa- 
tion on histories of infection associated with such work. 

Hand-forking to remove bed-dried digested sludge is mentioned, but no reference 
is made to any hazard from such a practice. 215 

One report 211 discusses the health hazards of sewage treatment workers, but does 
not implicate sewage sludge in this regard. Other reports 71 - 73> 109> 2221 254 - 445 deal with 
sewer and sewage plant working hazards, but do not refer to any solid wastes in that con- 
nection, except to say that sludge gas collection is hazardous. Another report on sewage 
plant worker hazards states that leptospirosis and infectious hepatitis may be occupa- 
tional diseases among employees. 109 Personnel working with sewage solids or sludges are 
not mentioned. 

Demolition is implicated in cryptococcosis infection among building demolition 
workers, but involvement of persons acting as “waste handlers” is not mentioned. 155 

THE PUBLIC 

One report 16 refers to pesticide fatality or intoxication in children playing with dis- 
carded containers. Another lists the possible hazards to the public at the site of refuse 
landfills. 445 



Safety Survey 

Since the literature contained very little on occupational hazards of sanitation 
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workers in general, and still less on those relating only to solid waste, a questionnaire 
based in part on information given in reference 273 was sent to 500 municipalities, 325 
industries, 10 industrial insurance companies, and 50 state health departments. 

MUNICIPAL SANITATION WORKERS 

Questionnaires. Questionnaires were sent to all cities in excess of 50,000 population, 
in addition to a random selection of cities having populations between 20,000 and 50,000. 
Of the 500 questionnaires distributed, only 97 (i.e., 19.3%) responded. Included in the 
97 responses were 28 answers containing no information other than that solid wastes were 
collected and disposed of by private contractors. A few responders in this group indicated 
they were forwarding the questionnaire to the contractor, but no information resulted. 
An additional 33 questionnaires contained only partial information (i.e., undocumented 
estimates of injury and illness; data on number ot employees, basic work week, tonnage, 
etc., with no injury or illness figures, or the reverse). In the final analysis, 36 responses 
(7.2%) contained sufficient data for review and comparison. Almost 93 percent of the 500 
municipalities approached were either not capable of providing the information requested 
or did not consider the subject important enough to be considered. 

Injury Data. Tne information requested consisted of the number and types of in- 
jury and illness recorded over as long a period as available, the number of tons of refuse 
collected annually, the basic work week, the type of collection vehicles used, and whether 
or not the organization operated a training program. After receipt of the information, 
three additional variables were added from data contained in the APWA Refuse Collec- 
tion Practice. 273 These variables were (a) maximum container size, (b) whether or not 
bulk material was picked up loose or tied, and (c) the requirement for furnishing of uni- 
forms for the collection workers. Table 1 shows the variables considered in the analysis. 
A series of regression analyses were run in an attampt to discover any possible relation- 
ships between the various controllable variables and the dependent total injury frequency 
rate (not the disabling injury frequency rates). Total injury frequency rates were 282, 
and disabling injury frequency rates were 156. 

The disabling injury frequency rates assume normal two-week vacations only, and 
do not account for sick leave or holidays since such information was not available. The 
results would thus provide a comparably more conservative rate than that obtained by 
the Bureau of Labor Statistics. 

Statistical Analysis. A series of regression analyses were run in an attempt to de- 
termine factors affecting sanitation workers’ injury frequency. 

The first step in the analysis was to consider that subset of the data wherein com- 
plete information was available for all variables. There were 32 observations of this type. 
A multiple regiession equation of the form: 



O 




Y = b 0 + b t X, + b,X a + b s X, + b 4 X 4 + b 5 X 5 + b 0 X fl + b T X, 



( 1 ) 
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Table 1 

EXPLANATION OF TERMS USED IN TABLE 2 



Y = Injury frequency, 8 rumber/10 1 man hours 

X. = Tor.s/ worker 

Xj = Baeic work week, hours 

X* =-■ Type vehicle 
CT' 1 — 3.0 
EN C — 2.0 
N d — 1.0 



Xi =■= Training program 
Yes — 2.0 
No — 1.0 

X* = Maximum container size, gallons 

X, — Bulk material 
Tied — 2.0 
Loose — 1.0 

Xr = Uniforms required 
Yes — 2.0 
No — 1.0 



* Injury frequency here refers to all injuries rather than 
disabling injuries. 

b CT — Compactor truck. 
c EN = Enclosed, non-compactor truck. 
d N =* Open truck. 



was estimated. The set of b coefficients was estimated by least squares. Notations for 
the dependent and independent variables are defined in Table 1. Basic data are shown in 
Table 2. 

The fitted equation did not explain a large amount of the observed variation in in- 
jury frequency. The multiple correlation coefficient was 0.56 and tho accompanying co- 
efficient of determination was 0.32 (i.e., the equation accounted for only 32% of the 
variation). According to the results of the analysis, however, none of the partial regression 
coefficients were individually significant. 

This type of analysis is affected by correlation of the independent variables. Table 
3 shows a matrix of simple correlation coefficients which was extracted from the multiple 
regression computer printout. The matrix is symmetric around the diagonal, requiring only 
the upper half to be shown. The circled coefficients are those which were significantly 
large. A coefficient larger than 0.35 vould be expected to occur less than one time in 
twenty, and a value of 0.45 or greater would occur one time in a hundred by chance. 

Table 3 indicates that the correlations of tons per worker, work week, type of 
vehicle, type of material, and uniform required are not significant. However, the correla- 
tion of 0.33 for training programs and 0.37 for large container size suggest a possible re- 
lationship. The implicated association between tons per worker and container size deserves 
further consideration. It is possible that some cities estimate their total tonnage on the 
basis of container size as opposed to direct weighing of the disposed material. The correla- 
tion between shorter work weeks and training programs could be meaningful since it 
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might imply recognition by some authorities that excessive hours worked can lead to 
over- tiredness and consequent injuries. It might also, however, reflect labor union de- 
mands. At any rate, this factor might lend credence to the rather insignificant correlation 
between work week and injury frequency. 



Table 2 



SANITATION WORKERS’ INJURY-FREQUENCY DATA * 



Y 


X , 


X , 


X a 


X , 


x 3 


X , 


X ; 


436 


_ 


40.0 


3.0 


1,0 


_ 


_ 




209 


- 


40,0 


3,0 


1.0 


- 


- 


- 


345 


- 


40.0 


3.0 


1.0 


- 


- 


- 


119 


- 


40.0 


3.0 




- 


- 


- 


134 


530 


40.0 


28 


1.0 


- 


- 


- 


201 


1340 


44,0 


3,0 


2.0 


- 


- 


- 


240 


585 


40.0 


2,9 


2.0 


40 


1.0 


1.0 


430 


585 


40.0 


2,9 


2.0 


40 


1.0 


1.0 


381 


585 


40.0 


2.9 


2.0 


40 


10 


1.0 


530 


585 


40.0 


2.9 


2.0 


40 


1.0 


1.0 


331 


730 


40.0 


28 


2.0 


32 


2.0 


2.0 


399 


730 


40.0 


2.8 


2.0 


32 


2.0 


2.0 


78 


2000 


48.0 


2,5 


1.0 


30 


20 


1.0 


68 


740 


40.0 


1.5 


2.0 


- 


- 


- 


455 


450 


46.0 


1.5 


2.0 


30 


1.0 


1.0 


364 


665 


40.0 


- 


2.0 


- 


- 


- 


217 


610 


40.0 


- 


1.0 


- 


- 


- 


348 


610 


40.0 


- 


1.0 


- 


- 




174 


610 


40.0 


- 


1.0 


- 


- 


- 


261 


610 


40.0 


- 


1.0 


- 


- 


- 


326 


610 


40.0 


- 


1.0 


- 


- 


- 


174 


610 


40.0 


- 


1.0 


- 


- 


- 


282 


610 


40.0 


- 


1.0 


- 


- 


- 


348 


610 


40.0 


- 


1.0 


- 


- 


- 


239 


610 


40.0 


- 


1.0 


- 


- 


- 


100 


- 


40.0 


3.0 


2.0 


30 


1.0 


2.0 


128 


- 


40.0 


3.0 


2.0 


30 


1.0 


2.0 


120 


- 


40.0 


3.0 


2.0 


30 


1.0 


2.0 


500 


395 


40.0 


3.0 


1.0 


25 


2.0 


1,0 


355 


1310 


40.0 


2.6 


2.0 


60 


1.0 


1.0 


258 


1370 


400 


2.6 


2.0 


60 


1.0 


1,0 


375 


1430 


40.0 


26 


2.0 


60 


1.0 


1.0 


411 


1490 


40.0 


2.6 


2,0 


60 


1.0 


1.0 


460 


1640 


40.0 


2.6 


2.0 


60 


1.0 


1.0 


221 


565 


40.0 


3.0 


2.0 


50 


2.0 


2.0 


142 


380 


40.0 


3.0 


1.0 


32 


2.0 


1.0 


167 


353 


40.0 


2.0 


1.0 


30 


2.0 


1.0 


608 


757 


40,0 


- 


2.0 


- 


- 


- 


136 


605 


40.0 


2.8 


1.0 


20 


1.0 


1,0 


105 


217 


40.0 


3.0 


2.0 


20 


1.0 


1.0 



* 




Code to letters is given in Table 1 
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Tafle 2 (coni.) * 



V 


X , 


■ v , 


X , 


x . 


X * 


x « 


X , 




100 


218 


40.0 


3.0 


2.0 


20 


1.0 


1.0 




104 


222 


40.0 


30 


2.0 


20 


1.0 


1.0 




116 


226 


40.0 


3.0 


2.0 


20 


1.0 


1.0 




122 


236 


40.0 


3.0 


2.0 


20 


1.0 


1.0 




270 


1010 


40.0 


3.0 


2.0 


- 


- 


- 




695 


1640 


45.0 


- 


1.0 


- 


- 


- 




162 


1260 


45.0 


3.0 


1.0 


30 


2.0 


10 




169 


542 


40.0 


3.0 


1.0 


- 


- 


- 




210 


500 


40.0 


3.0 


1.0 


60 


1.0 


1.0 




612 


1420 


48.0 


3.0 


2.0 


- 


- 


- 




282 


600 


40.0 


2.8 


2.0 


- 


- 


- 




433 


1390 


40.0 


3.0 


1.0 


- 


- 


- 




183 


1220 


40.0 


- 


2.0 


- 


- 


- 




315 


480 


48.0 


- 


1.0 


- 


- 


- 




365 


480 


48.0 


- 


1.0 


- 


- 


- 




455 


480 


48.0 


- 


1.0 




- 


- 




425 


480 


48.0 


- 


1.0 


- 


- 


- 




310 


480 


48.0 


- 


1.0 


- 


- 


- 




378 


820 


40.0 


- 


2.0 


- 


- 


- 




275 


765 


40.0 


1.5 


2.0 


30 


2.0 


1.0 




335 


755 


40.0 


1.5 


2.0 


30 


2.0 


1.0 




305 


755 


40.0 


1.5 


2.0 


30 


2.0 


1.0 




360 


755 


40.0 


1.5 


2.0 


30 


2.0 


1.0 




300 


756 


40.0 


i.e 


2.0 


30 


2.0 


1.0 




132 


480 


44.0 


2.7 


1.0 


60 


1.0 


1.0 




345 


200 


40.0 


3.0 


1.0 


60 


1.0 


1.0 




* Code to letters is given in Table 1. 



Table 3 

CORRELATION COEFFICIENTS, SANITATION WORKERS’ INJ’/RY FREQUENCY 






Injury 

frequency 


Tons/ 

Worker 


Work 
v ?ek 


Type 

vehicle 


Trail »Lig 
program 


Container 

size 


Material 

type 


Uniform 

required 


Y 


Injury frequency 


1.00 


0.21 


-0.20 


-0.24 


0.33 


0.37 


-0.01 


0.10 


X, 


Tons/ Worker 


- 


1.00 


0.36 


-0.17 


0.05 


0.45 


0.12 


-0.03 


X, 


Work week 


- 


- 


1.00 


-0.12 


-0.37 


-0.05 


0.12 


-0.12 


X, 


Type vehicle 


- 


- 


- 


1.00 


-0.24 


0.12 


-C.44 


0.17 


X, 


Training program 


- 


- 


- 


- 


1.00 


-0.04 


0.19 


0.20 


Xi 


Container size 


- 


- 


- 


- 


- 


1.00 


-0.34 


0.01 


X. 


Materia) type 


- 


- 


- 


- 


- 


- 


1.00 


0.39 


Xt 


Uniforms required 


- 


- 


- 


- 


- 


- 


- 


1.00 



The two remaining circled coefficients are based on qualitative variables. Thus the 
significance tests of the product-moment correlation coefficient may tend to bo biased. 
The relatively high correlation between vehicle type and material type possibly reflects 
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regulations necessitated by type of vehicles ised. The possible relationship between ma- 
terial type and uniforms defies explanation. 

The next step ir. the analysis consisted of fitting a reries of simple finear regr&s 
sions to summarize the marginal dependence of injury frequency on each independent 
variable. These were of the form 

Y - b 0 + l>,X, (i - 1.2....7) (2) 

The sample sizes varied for each of these cases since data for each variable were not avail- 
able in all instances. Only two of the fitted regressions explained a significant (approxi- 
mately 5% level) amount of the observed variation in injury frequency. The resultant 
regression equation for tons per worker was 

Y — 2255 + 0.09X, (3) 

with a correlation coefficient of 0.27. The equation for container sve was 

Y - 125.7 + 3.7X, (4) 

with a correlation coefficient of 0.39. 

Although these relationships are not highly significant, there are definite indica- 
tions that injury rates may increase with greater total tonnage handled, or be reduced 
by restricting the size of refuse containers. Because of the observed correlation of the 
two variables mentioned earlier, it is difficult to determine whether one is more important 
than the other. One would believe, a priori, that total tonnage handled should influence 
the total injury frequency r ate while container size would influence the specific incidence 
of back injuries, strains and sprains, and lacerations. These injuries, incidentally, ac- 
count for approximately 60 percent of the total injuries to refuse collection workers, ac- 
cording to the survey data. 

Additional insight into the relationships discussed, or their elimination from con- 
sideration, is totally dependent on obtaining more accurate and valid data. 

Individual Worker Analysis. Two responding cities — one with a collection force 
of 23 and the other with 60 men — provided detail data of injuries, time lost, and type 
of injury by individuals for nine and five years, respectively. The data are displayed in 
Table 4. Columns 2 to 10 show number of injuries and total number of days lost for the 
year. Column 1 1 provides the total number of injuries, total number of disabling injuries 
and total days lost for the period of employment. Column 12 (f) gives a simple injury 
frequency rate, while column 13 (F) provides the disabling injury frequency rate. Column 
14 (S) shows the severity rate. The probable conservative nature of these frequency rates 
compared to Bureau of Labor Statistics rates was previously explained, 

Table 5 provides an injury analysis for these cities. During the year 1964, 48 per- 
cent of the employees of City I were injured at least or.ce. For City II, 73 perceni were 
injured. It would seem extremely unlikely that this many 'accident prone’ individuals 
could be hired by two widely separated cities. 
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b TL — Time loss, days. 
c DI = Number of disabling injuries. 

NOTE. X in a column means no further record on the individual Question. 
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Illness Data. Organizations* i ^ponding to the questionnaire submitted little in- 
formation pertaining to illness. Only one municipality indicated type of illness and num- 
ber of occurrences. Nine municipalities indicated only the amount of sick leave time. 
The percent of sick leave noted for the above gives no indication of being in excess of the 
normal amount expected for all industries. The average was 2.82 percent, with a minimum 
of 1.67 percent and a maximum of 4.26 percent. The city reporting types of illness indi- 
cated that 40 percent cf their sanitary workers’ illnesses were confined to flu or upper res- 
piratory infections; there was a 22 percent incidence of gastritis. The remaining 38 per- 
cent was scattered cmong various ailments. 



Tabu". 6 

INJURY ANALYSIS FOR 1964 



Item 


City 1 


C«'ty If 


Number of employees 


23 


60 


Number of employees injured 


11 (48%) 


44 (73%) 


Once 


6 (26%) 


29 (48%) 


Twice 


6 (22%) 


10 (17%) 


Three times 




6 (8%) 


Total number of injuries 


16 


6£ 


Frequency (f) 


348 


632 


Total number cf lost time injuries 


12 


36 


Frequency (F) 


252 


300 


Total lost time 


216 


334 


Severity (S) 


4.7^0 


2,780 



CORPORATION WORKERS j 

j 

Questionnaires were transmitted to 326 of America's largest corporations. Ti e 
responso was limited to 69, or 21 perceiu o f those contacted. One organization submitted 
worthwhile and extensive information. The remaining 68 responses ranged from those j 

which contracted for refuse disposal and gavs no data, to those which indicated that no 
problem exists. 

Discussion j | 

The provision of adequate safety measures and controls for industrial employees, j j 

of all categories, requires a basic understanding of what problems actually exist. From j 

the comments and lack of data received, the inevitable conclusion is that medical direc- ] 

tors, safety supervisors, industrial hygienists, etc. of large corporations are not directing j 

attention to the potentially hazardous nature of solid waste collection and disposal. The j 

single exception was the reply of a safety supervisor for one large company, which segre- j 

gated and tabulated occupations! disability among workers handling solid wastes in that i 
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company. In spite of commendable attention to this group of employees, the company 
was unable to reduce its accident frequency rates to less than three times the rates pub- 
lished for miners (a high rate group) by the Bureau of Labor Statistics. 

With this as an indication of the extent of the hazards involved in industrial sani- 
tation work, the comments of other large companies may be revealing: 

“We have no record of injuries or illness resulting to anyone from disposal of solid 
wastes” (an oil company). 

"None of us can recall any injury or illness from solid waste disposal.” 

"This isn’t a large problem in our corporation” (a metal products company). 

"We have never experienced any illness or any disability accident attributable to 
this operation” (a meat packing company). 

The majority of companies merely indicated their lack of any data concerning 
injury or illness to their sanitation workers. 

In summary, the survey revealed that, among organizations maintaining surveil- 
lance on sanitation workers’ occupational injuries, the average accident frequency rate of 
156 was 4 l /i times that of the highest rate (36.71) of any major industry (coal mining) 
reported by the National Safety Council for 1965 (National Safety Council News, Sep- 
tember 1966). 

This finding would seem to contradict the statement previously quoted from the 
American Public Works Association to the effect that refuse collection was not a hazardous 
occupation. 273 

Conclusions and Recommendations 

There is strong evidence that solid waste handling is a hazardous occupation, both 
intrinsically and because insufficient attention has been paid to prevention of injury 
among sanitation workers. Definitive information is largely lacking. There is reason to 
believe that some of the high rates referred to in investigations reported in the literature, 
and implied in the survey just discu3sd, are due in considerable degree to the absence of 
safety programs. For example, in this smvey, only 53 percent of those municipalities pro- 
viding sufficient data for analysis conducted some kind of safety program. 

It is admitted that the statistical analysis of injuries in this report is highly sus- 
pect: The response to the questionnaire was quite low, the questionnaire itself is suspect, 
and the data provided are of questionable validity in most instances. Nevertheless, it is 
not improbable that the data received represent a significant portion of the total available 
material. It is therefore submitted that the results — particularly the accident frequency 
rates — are sufficient to suggest a comprehensive investigation of sanitation safety to in- 
clude not only municipal, but also industrial personnel, engaged in handling solid wastes. 
Even without further investigation, the institution of safety programs by municipal waste 
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collection agencies and others would seem to promise some reduction in injury. 447, m 4M 
Driving safety programs for sanitation workers also may prove promising. 450 

However, a high-quality safety program encompassing all sanitation work — vehicle 
or equipment operation, manual labor and the like — should effect significant prevention 
of disability. For these reasons, the following action is recommended: 

Alert safety agencies to the high accident frequency rates 

Increase the amount of safety education directed at agencies and industries han- 
dling sclid wastes 

Institute plans for obtaining reliable data on all aspects of occupational injury and 
illness in this work 

Institute further studies on the nature of the hazards and means for their preven- 
tion in sanitation work. 



F. disaster 

To obtain an estimate of the maximum effects of disaster on spread of disease 
through solid wastes, three studies on the relation of nuclear attack to disease were re- 
viewed. 7W - 740 7,1 

In the shelters, periods of confinement to enteric diseases were estimated to l>e 
second only to respiratory diseases in incidence. 7,0 re '* 71 This incidence was related to 
crowding and lack of facilities for good personal hygiene — especially for handwashing 
(pp. 18, 23, 27). In reference 740 (p. 27) the following statement appears: “There will 
be a very wide occurrence cf more or less mild enteric disease within the shelter with the 
way being paved for the dissemination during the postattack period of more serious enteric 
disease such as typhoid fever and amebiasis.” The possibility of the development of plague 
is noted in that work (p. 27). 740 

Reference 740 (p. 8-3) also refers to the lack of information permitting calculation 
of acute as opposed to chronic disease prevalence. However, it was estimated that 94 per- 
cent of the total shel*er population would be exposed to some communicable disease. 
Among the enteric diseases, greatest concern was expressed for the spread of shigellosis 
(p. 23); some cases of amebiasis and viral hepatitis also could be expected 4 o occur. In 
those (probably) rare cases in which a typhoid carrier entered a shelter, the spread of in- 
fection could lead to a serious post-shelter risk of dissemination of typhoid fever, and thus 
could become a major problem in the population (p.24). 

It is stated in reference 740 (p.27) that "arthropod-borne disease will not be a 
problem within the shelter, but tfce lac*.- of facilities for good personal hygiene will lead 
to widespread louse and flea infestation which may well lead to the lAter development of 
epidemic typhus fever and plague in some parts of the country.” 
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Of 51 diseases studied, 14 were considered to be related to environmental sanita- 
tions that would be significantly influenced by nuclear attack and the related waste dis- 
posal, pest, and vector conditions in the post-attack period. 739 - p 1 Among the enteric in- 
fections, shigellosis, infectious hepatitis, salmonellosis, typhoid fever, and amebiasis were 
considered of special concern at such a time. The threat of mosquito-bome encephalitis 
was considered to be of equal concern, at least on a selective seasonal basis and in those 
parts of the nation where encephalitis is endemic. The difference in conditions conducive 
to the spread of other environmental diseases, such as plague, malaria, murine typhus, and 
the like were noted, ft was stated that modification of the postattack environment as it 
would be related to the transmission of disease could be accomplished by institution of 
practices that have proven effective in the control of uuch diseases during peacetime. 
These sanitary countermeasures were noted to include refuse sanitation, arthropod con- 
trol, rodent control, and rabies control (p. j). 

In reference 740 (p. 2) the foliowing statement appears: “Post-attack conditions 
may be favorable for a rapid increase in insect and rodent populations as a result of dis- 
ruption of sanitary services and creation of extensive breeding and harborage areas. Sur- 
vivors may be exposed to endemic diseases capable of rapid development in an uncon- 
trolled environment. The surviving population (including sanitation workers) may be 
confined to shelters ... for many days during which time fecal material and other organic 
wastes may accumulate in the shelter or id the area adjacent thereto, resulting in hazard 
of exposure to the 'filth' diseases. . . . Flies, mosquitoes, pnd other disease vectors may 
multiply rapidly as a result of cessation of controls and the creation of environmental 
conditions favorable to their growth." 

This etuuy considers that enteric diseases are the most important ones in the post- 
attack situation (p.3). The providing of potable water for drinking and personal and 
household hygiene, safe disposal of body and solid organic waste, the providing of foods 
under sanitary conditions, and fly abatement measures \ ere considered to be the most 
important factors in prevention of disease (p. 10 ). Quantitative factors in the production 
of solid wastes under various post-attack conditions were discussed (p. 41 ff). 740 

The relatively high level of sanitation in peacetime in the United States has re- 
sulted in a population which is lacking immunity io enteric diseases. The importance of 
this lack of protection is discussed with regard to breakdown of sanitary control — espe- 
cially in the disposition of solid organic wastes, including feces (p.64). Rodent-Lome dis- 
eases are considered to be of relatively little importance in nuclear attack conditions. A 
similar conclusion is drawn with regard to mosquito-bome disease, with the possible ex- 
ception of viral encephalitis (pp. 68-76). ?w 

In summary, this study reported: "The fly-bome enteric diseases . . . may become 
a hazard in the postattack environment and will be limited only by the effectiveness of 
measures for the handling for human feces and the control of adult dies in the early post- 
attack. Also important in the early postattack environment is the control of mosquitoes 




literatut e survey 



131 



(encephalitides) and fleas and ticks (leptospirosis, typhus) in areas experiencing epi- 
demic or endemic outbreaks at time of attack” (p.81). 74C 

In another study, 741 crowding and bad sanitation following nuclear attack was 
thought to be a potential source of enteric and rodent-bome disease. The breakdown of 
public health controls was thought to represent a hazard in regard to malaria and other 
epidemic diseases (p.v-3, 4). 

Two random quotations having implications for disaster situations may be of in- 
terest. In Eastern Europe, “the growing number of cases of Salmonella food poisoning 
may be explained by the expansion of communal feeding.” 324 <»*»<'*'<• p’> 

In Russia, the German occupation created conditions for the mass reproduction of 
"mouse-type rodents” associated with a considerable number of cases of tularemia.* 79 
With liberation of the area and resumption of normal household life, a sharp drop in the 
morbidity of tularemia occurred. The author feels that the mice were involved in the 
spread cf tularemia. 

Discussion 

As previously stated in this report, the contribution of solid waste to disease 
cannot be considered alone: solid organic waste disposal and sanitary water supplies for 
drinking and personal hygiene share equal importance in the prevention of a number of 
diseases. 

In spite of the general quality of the study ?ss cn waste disposal under conditions 
of nuclear warfare, the conclusions expressed seem somewhat optimistic in regard to the 
dissemination of disease under these conditions. In regard to civil disaster of limited or 
far less severity, however, this report is encouraging, unless return to normal conditions 
of sanitation were interfered with by prolonged strikes or civil strife. 

In disaster situations, the setting up of food kitchens in a stricken area may help 
create problems of sanitation among which improper disposal of refuse could add to the 
total threat of disease. 

Conclusions 

Too little is known of solid waste/disease relationships to permit dependable predic- 
tion of their incidence and seriousness under emergency conditions involving prolonged 
disruption of services for the disposal of solid wastes. The studies reviewed seem not to 
have taken into account other host and environmental factors potentially modifying sus- 
ceptibility among the victims of disaster. 

Since the methods now used in this country to minimire the effects of local emer- 
gencies were not investigated, the degree to which they lake into account the problems of 
solid waste was not determined. 

Where recovery would be rapid and effective medical care readily available, how* 
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ever, the spread of disease from all sources would appear to be containable in areas of 
limited disaster. 

Recommendations 

British and German data on solid waste/disease relationships under wartime 
bombing conditions should be obtained and summarized, if available. The British have 
been relatively meticulous in their public health records, and may have such information. 

Another source of information which should be summarized is that of the American 
and International Red Cross activities in disaster areas. 

It would also be advisable to assemble all studies made in regard to Civil Defense, 
or on behalf of the Department of Defense on disaster sanitation. 

Since something approaching the lack of sanitation in limited disaster can occur in 
uncontrolled urban expansion among low-income groups and migratory laborers, and in 
developing slum areas, greater information on the endemicity and epidemicity of disease 
in such areas, and the status of solid waste and other sanitary conditions, is needed. 

An additional source of information could result from the sending of public health 
teams capable of studying the spread of disease in areas where disaster has disrupted 
normal sanitation. One of the missions of these teams would be to define both the prob- 
lem of solid-waste disposal and the contribution of solid wastes in such situations to the 
dissemination of disease in the disaster populations. 

Expanded reporting of diseases possibly related to solid waste should add to knowl- 
edge of their transmission under both non-emergency and emergency conditions. 

As the total information on epidemiology and medical ecology is expanded, it may 
be possible to construct mathematical models or analogues from which the relative role 
cf solid waste sanitation can be estimated in the majority of situations, including dis- 
aster. Coordination of epidemiologic and solid-waste research programming should be 
instituted to encourage the development of such models. 
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fv*uc ruin room 

HI. t • , H. 11 ft. l|lf, t Oat. 19*3 

39 Ctarta, Moraaa ?>, Ha) 9. Hilar 
>*>u HUrt* Tirvaaa la hn|,‘ 
rum uaomaiomt tctact 

HI. 1 Ak>. 1, f. II, fa*. 1#* 

kO ValH), I t , r.l. Matt, 

M Valtnar A t. J.NrCat* 
‘HUrVsnx-tnaaaaa Htkraala, 

) 916* 60* 

i. am. vam wonu amoc, 

H). |« ft. HMt, Aa«. 196* 

11 Hlglt, V] Hart I. 

"Itttlaa m fri Alaacta * 1 . Ha 
HUttHlao ^ MHjaUt ntralt l 
tafaaUUoa aa* Ha aura a wltataTrar 
tea CcaUal af frlctlaoata* 

am. 9. muc nin 
rt. 119. HA. 1339 

1? llAMlt, 1,9.. Clara I. Hrt!a* 

*Hrrt«al af laeal ftraftttoeti la 
C*a »aUr* 

rum u>. nvci 

HI. t, f. 1*9, Hl| 1963 

k) Mtaar, 9.2. , a* O 

*Airlatlala>e>* • t Aral/ Aiavitci 
Al^katUlal tiaaaaa flvV 

runic rum nx*n 

hi. 61 h. 1 ?, it- i«n, tt Ha. 19 A* 

11 Aoraaff, A. Ml 9. Harr 

’CAvawtw AMH^n U Haaar tt* 
kolaa, H) tttatltallaa KrtlUltt«*t 
tar Irtllhtitl, hllnlla, AfttffUtt 
tt* tlafrlaf Uafa* 

ami. rue mtut m aitvimmii 
HI. Ilk, f. 8l, i 960 

13 foraaff, 9 

‘Ctteanxttt MiHam It him tt* 
Aotoa 1? 

a ac«. rue mm on tamnoiooii 
HI. ill, f. ftf, I960 

16 ArtafT, 9., I. fltAa/ 

WirtfiM AAtHim it him 

amo. rve mivt on umvir^vii 
HI. IK, f. I, 1#5* 

IT him, iat 

*Cttfttliltt W fertte It* Ar«ut 
rrritttu * Hrt t* 
nre i react nu 

Hi. 108 , f. 128, Ha. 1961 

18 Hltttr, I I., 9. Man 

t>t • Haim Ann* 

9. flOCOTCal Aff ecMoflctctifai 
no. in etiivit} 

HI. 1 H. I, f. 113 , inf 

If may, 9dfc* 

*H1J| hlU fretlaM It Hlettrl Jttt 
Aittt 

rtu? Ml Vt cm 5c4j) tf-lj at. wt 

Hrt» If6| n ett, A Mr t??j) 

M rv. N wa» / w . f.f.f., t. H-armfi 
Hatfy, 9.9.8. fnVaiui Ha, I C.hlltl 
*Aaiw Atilt la An** 

Mhfl W 

HI. V H 1. 9 Jfl-no, Mail I960 

II fwrar, t.C. trt M H/tt 

*cva*n%ii<«t tt tra h ramvt tf 
HaiMi it Hias-a w Or 
9 . Atioi cure ort 
HI. ft, H 3. f lift, Art im 

V ( 1 , 14 * 1 ), An>*r l . 

Th tnAaa ft *<7 

HfOK rum MJWn 
HI. XA. mi 

?| \^r C t . 

Tn* C' hut V-w hinw Vimtt 
fwHtart e* T*f>:Mt^t Hjam’t U 
!^ta‘ 

HviK twin 

HI. IT, ► II, f a. MV 







V 9*0 re* 0, **’ 

wmiM r. mi** 

*to* toapoolllM of toitlioliol 

torton" 

rvoue vonts 

r- itf, *** if * 



» tootiii, ».*. 

*htUri«t«c of ArttnUI lla^i 
J. WCBOtlOUJT At# AXKUttT 
PtUiirlioli to*, of KltnAU. R*iUi| 
tol. Jl, f. «f, »X> 

X-i out, f.f. * J. t. »«t 

"HltreAl*! toiler of toluto 
iMit. !. MM»t tocUrlo" 

AmJn *ic*otiotccT 
tol. if to. 5 n- iu-mt, 
tort. 1*4 



X- toll, f.f. 114 I. V. tot 
11 "Hit i-c&tfll toller If ItillUl 
*, 



Tol • I), to. t, ». 0)7. tow* 196) 



flrt*, It tott 

siwstf 



uriitol* 

toll font, 



murt wetoiiotoct 



)T Wu, H.l. t*4 J. fn« 

'ft! I «tl* tohMtl 1 

Ml. t.T. ACM. tCIDCI 

tol. 10, tf. iltoftj, J»o 19)0 



^ ttoMi, I t, Jr., it a 

’Itttolio 1*4 HMCilll mt 
to t toU toi|i dttrmk Sitin' 

tol. tf to. », ». II), tot. I960 

)9 A14U, KJttoi. I., I.t. too, 

I l. UdMdVir 

*M tiiUMi pi tM toirmt* of 
tortlaefo*)* toiUmi it CirUli 
ItMlllI* 

KIDCt 

tol. til, r ft*, mi 

60 toiroi, V. C«4 I. I. toltiM?, 

A. f. «*tt, I. I. tolml 
'AmIiiIi of to tin BiUfttoi 
Uaiic to tottlM of t toiton 
ftntM MojtoltlM ttftoolo* 
ft*. J. Mil ai 

tol. 00. 0». m*M0, I960 

61 tooooU, flolUt I., tool tout 
* t |toni tooUloM ti «b« WttM 
Cimtir 

J, Mt CA9CM twf. 

tol. It to. 6, f . tol, to* 19)1 

<4 Allot, Ll., faltoo toedM o*4 
troo* t Villi mi 
" if foot tf tmuoot it too *m«« 
toll to too ftatort tt4 t)toi *f 
toctorto It lm««' 
j. oj mi tot 
tol. *1, >. *!, 19M 

6) toto wooi, Mll», too* 14 t toner 
"too li tot Hot 6 StWoUUO w 
frooot of Mfutlnf M roe* tout to 
Utoolrtol iff loo* tt t*4 tenf*. 

fort n, to m im u4 tmw4 

ftmooott* 

liim 

toi. w. v. i«) f tor* m* 



60 to*rt', tolm t. , J<Ao C. Irjort 
"too Ifliltil Art OiiUtlM AUil 1 

va mo cntnoiRQ 
». II), toft* mi 

to tin, ior»i4 

vino I*ur4 Ib V«Ui 
KV DOUJtt WTO WW Al&tf 
to. t, f. TV, toot l!ft 

to Ct«, 9.A., ot tl 

"A tori to if Ui UUnUn *f I960 bo 
V iiUnUr u4 ViUr tol lotto* Control" 
JOQNftL VTCT 

tol* )T, to. 6, t ID, Im 196) 

ft Irotlie, llio I., toil J. tom 
"Oyo rotor fro Utile* ib *bU mU? 
fro* ton it flMti* 

j. tarn foci, ccvnot m. 
t iw, f ot . mi 

to * A< 004 rot BO tfOMOlVlt^ «0 

Ul Ml Totten) 
v.».«. coon CAL 
tol. If tl) to 101*106, 196) 

1| tooa, tol I. 

"tofotf Ib to nr i*4 fmvm 
float Oponllo** 

J. »W 

to». |) to. t, f. tof, fit. 196! 

to loot 1 ob 4, Vll Ur4 V. 

'tori »«4 CAoet U it *f Uuml 1*4 
iiU n*l hnilUi A taaoiltt Aalwl* 

Ib tt* V.f. i*4 toiioiileoi a*t ti 
Cutli* 

uoa. J. tf rnntiMi wtua 
t), 10«, tofU. I960 

T) tlrtooj, Ml* t> i*4 tom/ I. le*44or 
*tootlU«4 f 1 1 a a i*4 Himm' 

ami uni or tmoum 

tot. t, 0. tfl, lf)4 

H 'join/, M.§ *1. Hmrt, 

A Ami Ml 

'iff 1 of 01/ Cettrot ot Auntool 
n 04411 ! • ib Ini %i toe, nu tort 14 'u* 
MUC BllLfV MtOiTi 
tol. 60 to. t, 0. >6l, tort I III) 

TT tom, i. 

'too/oroUn ttofteoln li tAt toon 
toon* 

aml uni of true*** 

tol. 9, f. |11, I960 



67 to*A * r< toot, Ji4BA«tu 

"Hf Tito e* (At tol4«*t«lr<7 cf 
LliUrti Iifoc tlooi* 

M. L. OAlf . 7*4 ITW, 0t UfrTPK 

ivictid, tol. to*, uti 
to*u*« it. coil.* 9. ijr, mj 

M U*#»“ 1 r» Hot*, tor A 

to# tomllluMo ef Ceueltini 
010UMI of totloo. i UrtrUoto* 
nw JJQUAD J. Cf *». 
t. jit. it, mi 

09 tornli, R. tt«An4 

"too bwt u! Ui toftocn of Ui 
Ote jailer*! toreooi* 

in. m*. 6 Mam 

t. >*. to/ ix* 

90 Von, L. I. 

‘too itnifb' 

OCKIKOt *Vl, 00,, llAin, I.T. 

19)1 

91 totoAo t I. 

*to» toUoU ef tof«M OliHnl* 

m luituui 

W. D 1». )9*6A, to/l tol. lyV 

to CerVe, 1*1 n ten 

"M. kMillti Ctlif 1/ toi h* i it t# 
foe Itfett tortolIU too to Outre* 
liuaiul M 10404 if IhM 
OtMmUei)* 

iinm h HMurtmu»u 

fi!. I». It. )) )f, tot. 19)1 

9) Itlln, C.*. it tl 

"feHrtmUl totUrU •»! Ctoalnl 
follatlr* of Villi, Tu I wl toUr 
i*4 Ui fitter* lml«o4* 

V.l. fit 

toll. It?, n. M|6. ItoT 
to foontn, ». 

nt# r*l4#*n if fiUiUail 
frotnet ***e tn «b*o* Hoi. 6 
totUk Mini otto ielil 
tof. vo A*otli»li* 

U. i. no*, m. 

m. to(6>, tv. lo M, IIM 

9) MWfur, V. 

'UoUi/lrcoli 111 UHm* totU* IM 
tor Mill toft* tt • Aoitonnc 
tofoAo* 

utfcdi. DtoiirtTwciic* 
tot. 99<M, ft- Jf>»Af. mi 



fnatoorf, t. t*4 A .A. tonaUlt 
*fil taifonlet fn « toil toil no 
lunuitMM* 

i*. i. net. u>. am m:m 

VI. 1|, to- 001*6, too IX* 



19 too/or, V.t. **4 i f, h/M 

ftnlMHli feffooli tf Moocttti; 
Pi tor 1*4 ft tl 4*44 HUt toffUM 

ft*, j. cut. fitoeuwt 

tol. 19, to. ), f. )». toj mi 



to to* to* Vu*f. A., i.t. Alto toll 

*t ro |M hef pi rOeceolliO ti ferfleeu 
ti Irfi* flMta foe torn frottLort 
4*4 MutU'Uoi foe Kf umi l 

rmium toe. er moc mom 

mriM • j. nciriitooir i itom 

tol. |1, v. tol, 196) 



X 01 to , I. t*4 f. Umn 

*m tretiiiofinl tom* I* tot Ml 
of touiwu f04l Col Ur* 1*4 IM 
Koiltlt Ctotoft *f ’l/ill* (Mit 
Ml) tf tti ttil4*f JtfoMto Hi 
fetolt* ftiMn} 

f. *C I DTI AMCVtfUM AOC-(JUVJ) 

tol. f€T, ft. 6JMI1, 19ft 



tl 



tot Ur, M. 

"Mturii tot to A Mt**n" 



nvt. tad. M o o mm 



tol. )4, to. f>*?), too. mi 



90 IwliUNi tf tottrlo Tirotti frn 
tom Ml im Mir U t 
iitmiito Am* 
m. j. mi tat 
tol. », to. 19* 



totoutrlt*. 6-4. 

‘toll M fj I tiMMi Aalotk*. 
Ml 6 tofttotlio It IrtliUa 
fllUt' 

# totai i. femrfejtm 

tol. ft, to- iVt. to*. 19© 



Hitatitot. ». t., to t. 

|*4 t. to tot*« 

‘miii H|hua *4 Km mum 
to # too" 

COHO* *11*11 

». ft, tour mi 

Mltoli M 4t to tontlitto 
"toooom «t Tifnot hut it to«t«t 
**4 Mam tour it touv M w4 
too* lie, t. tot K toe to f , totooft 
t*4 fro 1 1*1 n f* iftlu 
mt, in. tt nto m. 
ujto i, to HMfti lift 



IT C t Am * * If, toonorl tutUto 
"totiftttoUat pi Mtotllt 
iaui lytm oiW it totun 
Coum* u M i*o#4 tour* 
itoimat cmirn 
tot. #). t . f. f. ipf. tort. 19)1 



01 tort, • l.» f. I. Hctotaof 

"tot touftttil tf toottl It tat M 
frv M ltt Ml M free# Mira 
Ittortrttt* 

fotta m. 

tol. ll ft), 00. )*M, A0rtl 19ft 



'UUHI tolU (fmUoovI NtotMA . 
to toty M rtJ to Mn ax* • tot. mi 
tof 19ft 



0uvt, t 

mShIIM ifftiiuii tu HoIMn 

tt Uttur 4*1 tooonl Mtotloteo 

torn tottm <t ttaito hmi 

toi . ft, it- m *. toj-fut 19ft 



to«, to t, 

"tort tr A* tw«u<4 if tat toMlt 
totUt I nett i U4 olta fi/ f retort te* 
U inn* Cents* 

cult. vat. t j. ft*, tore* tom 



ft imtMi. •- i. 

"tool tone* tol tor ron Wm !• 

Mr'i tat Nuueetttr Aouoot 
Ml tattoo 01 «M tatotu* 

m. j. Mut taut 

toi. t., to. t, 0. nx- m 



totnlf, t.L t.». hlrt fr%ri«*4 i 
I. t. totnlf) 

"torumiu **4 A*f J hum * 
tooir tout* t*4 toom* 
ita w m, Atav irn 



99 ltoi*o, I *. 

*tro* ifti tom**«i of fettaoiui 
laltBlo 1*4 Pi to* 

MNi ftl. to. 

*1 1*040*11 1 , Mt*., mi 

too ‘tot re* p; to* i ti of feu* tarn mo* 
Ain. ww. taut 
tot. If, ► 1, tot. 1966 

hi due. t l- 6 Mi totiir 

"Tm-UriU Mloii «| Unit 

tmuou hui «muti* 
j. um Mi. em rt>. 
tol. X, 90. LfX-«l, M. 19ft 

IV lot fit, Mort I. 

"tot toottl 00 *f KuitlAH 4*4 
Mr toot toot to tort* 

MwM unit 

tol. n. to. fs 0. fn, N 19ft 



K1 VpCof, J. t. 

*tJ*f f llollee: toon rtolett tol 
• tfooit t*4 tooir l’0irifiMi* 
Wvl K. Cf ttUA J. 
toi. 0j, at m-ift, tof ftat ix! 



Ml torvmto, ». 0. o\ ol 

"tot tort* 4*0 torfo* forOtlttort 
bi toorto* ti itu tolftneiitelB 

m uant 

Of. |V », tvt IT, 59ft 



» 



105 ftnnll, C.N. 

^Uilic Lir* P«dl ftruUdlo** 

ciw. *»:» . w«m 

hi. 5?, n tl *, *<*. i#) 



\<*> vuu, #. i. 

*)f»lc*t(|) bn. ’rtf ft U>« Uffar 
Hv*T vl\k fj*t 1*1 
ft*r«r*a<f Uj foiWllo*” 
tcnx. u t »utAoriatDj 0 
H. M f )» r»- 07-07, 1*7 

lot M41v t. I 

Mp*ri»*«u viu rn* im 
P aNr*'** to Tr*Ja Wil« FoUallont’ 

r*u«a. *. nn ncrni 

Hi. 57, rr ■ loo- J 19 * 1??7 

lc^ fr*v»ft, i. ft. 

*Kf t’l ill-rvf llo* 4f la n»Ua 4*1 
fMna^t par la Ralatiilc* 4* la 
V»w*t 4a Court »'M4 »i OiJUfc* 

Dlia^i’ 

, «»t>. nan. ftct. (nm) 

HI. I ft) (n)» tf IV7-8, OO 

l»ft |Uca, f.ft. ad L. 4. PcCaW 
’Mali* lipni* tf Hitmtrr 
Traafcaaal* 

4 . wm poll. ccrrfc\ m. 

Hi. )4, It- »•€■ 1964 

no uniat, ft*. * 

'krlrMmttl 4<fiu (a tkKir* 

t»u 4. »:o. a»> *». 

HI. 17, 0. MI?*V0T. 1m 1*5 

HI Mall, I. I 

*4 Vlaury a# froflrtl HUttM* 

(« tola.) 

VtLLtAM I V1UUM 
ftaliiaora, 1999 

ILr fcCeri, car*/ f- 

’Ha loMiUrryoacMi • M 
fee*l<«tlcf»l Mataaaa i« «i 
tfclid luua" 
tnun. «*. t uon 
HI. *6, tf. 185-7), Atri I ittft 

11) ftaeal, >■ C 

Wttili la Ua I. 9. toritina* 
ii hmm Or laioHi ImlHllM 
d *nlfte*l ttm' 

M. i. rnortcu *». 

Ml. fl ( ), H J5-M, 1)41 



VI Carrta, 4. t. 

’AveliaU# CoaUalaaltM af 
hdiui iMtilwfla* 
aoui ooc . of sum 4, 

HI- I), r? 184-lM, 4*ift.A*4-l>6) 

U5 Iran, CUrUi t. 

laiitll 1*4 f mi ¥«lfan* 

Cjxwtoof unrrwin fuel 

i*» 

IH HAanra, I. L. IdM, 

4. I. IMNtl 

■fcnlnl ft Hl/vlla la Aaa iiUr* 
IUTMM 

Pa- 1*1, tf’ *1). 4*1/ l»i »** 
u? fe%a*. » 

*Wl*Uf tatraoaala la r oltlpaA 
l*H|l, Will llc*l f I ttaea w4 

lovrial ail KtlAdl *7 ^lloa' 

tn. t. mi vro pou. 

Ml. 9, *r. »5>46l. JX5 

tfl lantau, 1.9. Vroatli# 

I I ta liar 

* Mil Ilf Ira Mo* «4 Coa»*tl 1/ Mar 
froMrai W til if at ftunti Carta’ 
4. All ftOU. CC#r»4 IMOC, 
fal. 15. ta. 6, ft. Kl, f«a 19*5 

l>9 ftitrrk, Iami. tarry toatroa ad 
b!in VldilrG* 

'em ill Mlatleadlf Mnn Malar 
tadMii ui Math Vva ti 
Car41a«iic«Ur Pliraaaa* 
urn tmea tCATOtina 
M- tte, fiat. t. 1965 

1)9 ta^n, 0. •. 

’irffH lUttfi la mut-llartf 
Kllllwa’ 

Mil toe • i nun 4. 

•at- I, ft. VbV*, if* 



Vili/. Ma I , torn fc. I. Cfcla, 
Cllftca I. Jnvtllt * 
*fctir*flw Ii tm|t SaHif a 
MloanUtta IfUnh' 

). Hrtfc rou. comot r». 

H 156-17*. 1)64 



l)? Xif tnH tiaanli U/*tl 
4*l«al KtrUtaa* 

a*, iw im 

ftf. M-50, *mj 18, 1966 



111 



tdli, 4. I. 

*rnw*ftitMr al ’Carrlir* fttrtlia 

•4 I. t1iUla«r I* Oa bfirlanUl 

ftoc. toe. ii. itoi t n>. 



W. 55(4>. H- 



t\5 



bnm. I 

‘Mil rrittiu 41 Utl««|lN 
Kvsfnia’ 

otncai m. (miaj 

HI. <fr 9*- W7<, laft lfJ* 



111 laValltrl. t. 

Hill fr*5«*»*a Itl Ida I air* 
ta Uyt^atir* HI CHI Cl Mi (»ra* 
i*¥f ft Ufttoaylra la Mu Mi) 1 

im. mi 9f 

HI. 50(0, ftf. UMt, IftM 



U? 



•tv. •> 8. 

"CMla* UiU«^n ta 

Irmilul 

mm. m. 4. 

HI. I«5). V- t«V| t 1940 



lit fe*ur, I. (Hut) 

‘Crramati tf UfWHttali 
la h|i M Huvia' 

•attot. MKKt. tcouii . me i 

hi. itfM!, n o, I** 



119 Hmlla, f. 

*5M traarara ft Hrte«* Wl*' d 
la Hu la ft* H«|«« 

d Hralll 
60. him 

HI. 500), ftf l HO 



I)) Mrorl d a Hrtlv HrV d tti 
Milt HalU UVtraVf fft Hrdra 
*HlMMil%a la IHiuira, 

Kuttn* ad loa«-rnMe»4 

Mil, ad Hair talillaa l* 

Mm* tifaellea" 

4. imn tvo (firtUfa) 
ta> rtj, if* 

IH IliafttrlO, bn* I. 

‘If.vi d foil Oadlllota Ua 
loan* d HI farad Hal* 
UUfMt d M ted CMft* 

uxm} w owrtso wft. 

te. {O.OOO 

1)5 Halt,, 4.1. , t.ft. Ha*at, 
fi t. l lure I ».L till 
’Ha Hla d fti Icutflf, Mti 
Haaatlea, la IM HUlplI roUe* 

1)6 fnia, ft. ft. 

A Hal mt a Mtnid %* Hata 
Whhii* 

Hoc. t« c9hmo tni. nm cov, 
tf 57-0, 1954 

07 Arl, I. ad *. Nall 

*4 H»e4 far Naan ! d turd 
frd VNllHa! MU Ufdfa, 
ftf ftjdldia Cali Haile* d taaila* 
HCUfi 

H|. li, ft*. 15 fti* 

1)6 fttaaertl, I. *M •>. lufaal 
’tad* nr itur 
ft m. i nra thmo t. 

H». 5, **. iS^tt ft 1*6) 



iff iota fall, ftimaft ft. 

Hittal ftlHIt®: Irf iafXi 

ad Hu Haaaaa 

KttLft PMB* Co. , H* Ut* 

I an? 

VI I. 

Tina ta HHUaa le ftmu M* 
ll- aft Ndtu ftilaa* 
coooiKO tM ttuff an 
(Ml !!«* Htvaraltf ftrtaa, If) 



Oft MiUiM, fi t. im ft. 4. Mr*a 
tm*Hi d Sr* trrioiu 
urn. % ttsonii 

ftft. J5V) 64, M fft, IftO 

Id Htad, Tldnu, Halaa ftdift, 
Hrcaiaa H*u* 

*M Hoc * 1 d Haul fra* 
Namcmictl tlaaia* ftmaaala* 

m turn cm. orHtn 

ft. *t, 055 



Iff Htilar, ft ft. 

’fttl wuM ftl fteaid fnnlcti i» 

m *^iu Hit*’ 

Oil KC. d tftiH 4HHI 

HI. .H, t* >.5, M M tft^ 



111 Mfft, (. 

VftM fat Hafraftl d 
»<rir%l*»ral-trfwaaia‘ 
crp i mww 
r j5o. f *. »5, t*o 



VI Iw. t. a. 

‘My* tmaau ad tvaaa fern an i 
Nual* 

ftTal Wlrtl Cft t*lH 4. 

Hi. H. rr m-n V fa* id 



IV fcimfi, ft. ft. 

‘laictiur t Caofeai f in’ 
ftCHl >«. tftlfl 4. 

Hi. 5, 9ft o>ir>, 170 



ll) Kiltir, ft. v . i i. aitf, 
p. A. Clara , ft. ft. Clara 
*favhea**t< Mtirti a»l tir^.a 
Ii vaur 

wiwirr c* iitiMiif tsarr 9 ■ 

ClftfVUft 61 

ftvill. n. 74-76, i? 8 ) 

III Ha Tr* 

"Hlail** Util»Ki »f ran C»*eir 
ta Cftlaan la hlni: *5 U rpclal 

ftafaraaca U Iriaalttl Ctarar 
utiduL uro lftotiNm w»ton>h fio 
Ceaf*ff aca-ll'tl'HO cf Cabatoja Cut'ir, 

Paii-. 4 «t»an, ft*., April 8 -n, \¥* 

lO McOa^rp, r. t. 

’fmilily, Coa»artl *4 id 
VtlliilM teltfi mui 
COOO bT ficiori, (UfttO l^A 
ft. I 

116 CirpaM, ftrltt 

’Capillary Dry Iff af MlaNna af 
Cl*/ Hfaia aal ftm** Half * 1 
COCOTT tr.Ujft, WW pi* 

ft. n 

)kj Hdln, lf\* t , Jr 

*tha fltU af Hfaaa S 1 raa* * 

CvKKrf ariort, MW I 9 ?J 
ft- 5 

lift Vial cl pa) fftcl^ratlea af Hfaaai 
ftartaarl ad tflMddllcn* (ftrocrtll 
Nften af i'n Co* liua m MldM 
ftrfm fraclJm) 

4. lAftitaftl BPOM. W*. 
ftrat«dlt4* d IM M. l*t. af Civil 
tMn , HI. 90, H. ft*), Im M 1*0 
ft*, ft? 44 

lift H left , ftruw; *■ 

*aiili| ad fa ip* rala* d vaiui 
>1 aid ad h*» Icllea’ 
in. 4. ait »ro ftou. 

HI. t, H- 07*740, 08) 

150 irrlw, w. t., Oali ft. Hf. 

•d p. f*fto* kt<* 

*1 In Innad U Mr%l 
Nfm C^llatUa** 
roue POHft ftO* A»t \YA 

ft. 141 

151 Ufuiur, Ha ft. 

’Mr ftclltlle* [na MrMIt 
a* iia tmiam 
Vito ft IMVtfi VOHft 
ft. V, Ha. 1*0 

IV fell* rift# ft. ft . I. ft. lAoaf 

Villimio* d Hrld PrdaMle* 

«dia » | Hacafl ftltai la % Hlra- 
falllaa Am. f. AftatUlllUy d 
nfftraal ftitaa far lafaaiail'M d 
fnn.iil Hlta" 

in omi ax. m. 
ft. ** 6 , 4*1/ I/O 

15) (tvarl/i ft- 4 5 • ft- HM-d 

’fill Italtr* d Hrl*^ rr*4*elia* 

MH la %/ Ha tell ft.iM la a Hira- 
fttliua 4m. II- 6 c* va*l laflaaac* 
a* C*|raa id HUa d ftl/ ftrdatllaa.* 
A«i. orn. K. <A. 

Ml. O, /. )£0, 1955 

151 ftallar, Hi r/ ft. 

’HtarlMr) Id M4lr*1 Atiralrv* 

»p». in. imci. 
ft* to. i rv 

05 feoai. CMnar ». 

’Pell Haarvaird d fi*« 4 «U f**r 
4. HAt. dal. Cft *Ct . 
ft. ), HA. 1*4 

154 4*1 in-*, rilllM l 
*7mi 4 Kmaa* 

*m m twit 
ft. 1555 

>57 T**:ilte» d C*!»r*Jtf ftd fttvar 
NM fd Nm - a la f»lara#e* 

•CltHT 

ft. M). larval ft*, I*s 6 

156 Omnu, Hat f. 

Tlr Htt*ln« ftcra^taa ft Cnaifd 
ftry*M it a* M»«a* 

4. lift ftcu Cf*. if«C. 

Hk I). •: ). ft U4, Hrr% IM) 

15* tvaai. 4 • . P H*l. ad 
4 . L. Hlatc* 

* 5 V fiaiffilr*. d ^on«jaiilii 

tirM I* Una failami Htl^ 

NiHiHi af friico/ajnta' 

4. 

HI. n, ft 5n, 04) 



fOOR ORIGINAL 

AVAllAW* At • 



C^i - 
iME HlMtO 




ft*t-HI O * *» * 7* 



IW 



L'O n*mo* t V. Krf., v. v. UMr, 

A Qrtf , F> C. f«M, F. hij 

Mi t . M. ||«1 

*A 1*r*«**r*l* '*r\»Aenlr» 1 tr*tt** 
twrwj of C»rtit* ?*rtUr»u* li 
F»rt *# 4« FpU**|.'|n*lc*| fwlj 
or Herbal Hi* *f tM KitUn 
Ml** i»l It. U*(* try * r 
/. ptttr.unr 
*■ n, f. rt. i >? 

161 »•«!, M. torUf 

*ciur©mi» run UfcontAo 

BtotU* «■ NUpUp* f*nr* 

i. ItflCY. MftKUl 

hi. to, p. «. m? 

1*4 I. F. 

*ftt kealaff 4# IU|W«* 

RMCln 

HI. FI, F. 19). 1*4 

16) HmIu. f. IT. U. I.teutlu 
*trMMlMl«i llaild «4 
•yintn rui * 4 
•OC. FOt DFfF. MOiMT 
fnt. 9f, ft *5*6. »9*I 

tW IWyit. Kiri F. 

'ft* Marti Kuurf *f hi«M 
wl hUUNtli 1 
P1HUC tAlfl MK*f 

ni. * *. a, p. 905 . *m- i#9t 

149 Major, I. F. 

nt Mm OMM mi ht|M 
I* C *)!i‘wo!k* 
cau/omu ri*oa r»i 

t a*. 9 , p. aj, a* rt. i#9l 

1*6 J*m*< Mirl T. 

Miu 9**iu fitkiriet*** 

of Mrtti Ik CAllftftU* 

CkUFOWU TOO# IM 

HI. ) »*. t, »f. *•*, Frlf 199* 

uj Mil, t. a. 

*MmtH rrUMlU*4 ffM 
Aoltoll U %»* 

aui. s mui. vftnmi 

)U tertTw*. 196) 

•». it up.ton, f*. mi a 96 ? 



I6B H«r, Ctrl t. 

*l#f« MM Pf If M *HN NimUl 
4*4 I UfMT Nl«H 

fvauc turn aaroan 

hi. Ha. w, r. * 1 % mi. 1961 

>to hi**, t. 1 . tt. 

iQiilit Km Hi<r iW aiu 
HtlllttkO* 

um u» aa«M vm* 

Ff . 1*-l99, Ifrll 1*51 



I*) Krtau, HUM C. 

* 2 fc 4 Mtl«j CwirtU fltii (iM 
Mot Mlt) II MUff a«k’ 
cuwt acflact 
r> it-ii, r?«ti 1 9*1 



m auct, m#a #. %u uut t.Km« 
*• ftMl a Hr* Cmt «» Hf 
Ktmd trek MlUr? *0444111** 

MJt 1 ■ 



•a. H, it. ft •*, M., i#>3 
Mv*f. *. t 

*H* himtiM # Flt'O U 
U#l if Mr M'lH' 

&JE 11 1 . t. ifltf. act. 

HI a ft. iFMt. lHT 



in H’.*lvo, tlHMkl S 

f *tit Kdlltt M M 
Mut'kleff If luMlUMtlfl* 

aJhu ».T a<*>. * 1 . 

Ht. If, Irt. ), ft IFM91 
Iftil ft, 1168 



Ktt*prT*r, nilf I Mr: *. t » IM 
*A** 1 tk eft ■** *F 

t»imM tleO htr HM tk 
i»*i*h Mtkt % 

III. f. tWM 

Hi . *4, ##. I4F>I)T, U9# 



pfV Hut , t. t. 

*H*l«p *f t return im cn>*r 
hOnp nl t trpi * 

mi. f. m. tail 
Ft. %f irr 



P§©|i ©WOWAl COFY-KSt 
AVAHAW AT TIMf fRMtt) 



ITS » teUUA, J. L. , I. HH, P.P. Ud*»; 
**4 F. toft* Vmi 
“ flf FCt»4l • • It CrH* 

Filing. mil rp-UMilf* PurlU 1919 " 

FJAUC PUITU 

Hi. ^5. f. yio. 

wr fiptr, I. I • 1 . t. C*Ur kU 
w. «. v«rl«M 

*TrkkMleeto« or H4«al» fyp*i)ik V 7 
Mli| Rtlir (nrtd FU«* 

»r tifitMl Fit* Fieri iiu vuMi" 

ivfuc imiTt urotr 

Vot. IT, K. p-l)l, fu IS 19* 

1* Mir, hil F. id Hltrr C. Mir 

a H»U1f«l, F*v C««lr*l If HdnM f Ul 
KklUllea' 

More* ujrj.nc« 

HI. ), f. Fv, l«l 

ir> M ren» 7 . M i »1 t.i. Uh 

# Fll*k ki Cerrtrrk of HUHU la* 
CM«r Hlartl CoMItloek* 

Komiastm hiMuiouiom 
l FAHUtFWTI KU9t 
HI. T, f. ti. 19)6 

ito Mi*. * * i*4 t. J. 011 to* 

*0MTirrt4U eF iy«k«M-Ffcnii n iM!4 
Krill) ti ImitlloM Nrlki- 
OtNrnltMi)' 

f. Nunei tap. uooc. 
hi. if, f. W, 19 * 



19? Cl»pt*«, Flf Uli k, 

*0« Milk 1 1 llUnHllU Idtl 
• f IrtiMK Tr»e*ik* 

3 . or ltwirrkouxJT 
nr. ivir h. r, ft. 6 i* 6 i 

*frll I9» 

If) w»bl, 31. m 4 I. H. OnMa 

‘oiHmitMi m Iom mu rn.i 

Ik iM lj t Ik It/ kf Fori Ch^rtMH, 

J. Cf tX*MlC DfntoLOOT 
HI. If H. S t S«, IW* 

1 1* V««|U, f. 0orlc« 

•h* *cv*#rif* 

cwpinci upTYDsin nust 

1911 

195 «4fM, H. •- (KrlMO Vf M.f.F«Mk) 
"Hilftl HumcIoo* 

ri wttfLU* 00 . cf m it m 
)U UlllM, 1961 

196 HUrk, r.K. rtf I. w. IihI 
"iMttlfkl * Krrl KoIUIIm* 

RcOKtk-mt, nr kmc 

Su tmtM, 199* 

If? lortfil I, 11 111 m f. 

*Hi 9 *tt«ii Kir liMtklti k*4 

hllllM U Dl WH 1 

m aoHu nm co. nr kmc 

1999 



1*1 41*44, Fr44k a. 

'Kill Mill Aifoctk tf NNm 
M ipenl* 

aUFCttlt’J tuifv 
HI. 10 K. F0, f. 19), 

Afrll )&, 1*5) 

lfc 0r**4%< rf, Kmr4 

'RriliUitt *f K«Urlk lk U« 
H«f lkpMktk! tUftt W Ike 
»tox f 1/ . I. Kr»l**l 4 # »i*rl« 
Mlif(.l !i IM ami 44 * 
4Mfile«llf ami Mi* 
m. «. cf tton cal na a vrtiat 
HI. I, f. 0C5, 195# 

11) 9444. F. f 44* a. v. OlkHr 

'Ri hniiuiti if Su^tmu 
ftHk tk Fl!*t’ 

At. i, cf mtn 

HI. >1, f. vo t IU) 



1ft KfHrttO, Km I. 

*1M OovMftf (H*<4 Mltitl Ukk.1 
ki k He Hr if KftotklU Mli't 
(HlUgtr} Kfff, tM Mil* M1U 
(tirrlH «F Ulekrti* 

*1 QttO F . tt KI - 

HI. ym. f F9T, H*. 1951 



1*5 Kuril, HU V. 

*Ht Fkrt F iH 9* u# hmi 4*4 
Hklt.Hr; it IM FrUMtlitM *f 
aUkeeta^lliUliUn Vp MU 

uku'qf He#. n» I fourfoton 

hi. n, f in, 191 ? 



i& iwtf, muo 

*» H^f if HHD K4»44t*l NtWf* 
IffKllH H FltftrtU* <W Mefllii 
(Mu M*lll M) i.) It 4 HU# 

t*mm 1H Mr Ftrl HfH, MIWN * 
tw ouknai ciMtaot n 
HI. as A fit, M I 99 * 



19* IlcvM- • F. 

*0lUt'k Mu. Fre?. * fmHkt 
4 # troplul hNIHI* 

HI fUK*nc# 00., Fill/ . Fk . 

HI I, 6U KiHot, 19* t 

199 IlkturU, I. I. 

'&< «i 4 hmii Carrier* 

3. of acta amt nn. ccm 

HI. HI, K. 5 , f. )k, Mf 1909 

400 Hr***, t. Fr*4 
*FrtMlfUi *f ItlMlrltl Vtiu 
fmltrkt* 

mi * jut * acts, ra .cmc 
1953 

401 Krl, a**l A. HI Ftal B. 

'Mrtl Hi lei it AfrlttlUrtl 
KfIMrtkt* 

AOfKvuuti Mtmam 

HI. 99, H. ), f. |9f, KrU 196 ) 

>af Hr4**Ur#, V. I. 

*Mnrk4* 4*4 frut* » ( 195-0) 

ianxo cKfTsaa, tpc. ro«<niuiA 

K) Co 4 *iitM «4 F*uu catf hmi if 
ir t F»uu calf tkiiiivi* tiur> 

Mil or* I l« rorf*r»llok *1U IM 

aileMl HUnlttl Hkk CUm 111 ** 

*4 1 4**1 trill H*14* 

Nut* <ai* iiutft* , 

kouc miK oonct m. to. 79 * 

91. Hpl. 4f ft*. * i 960 

Fc4 Kilmtl Hma Miuiim ComIUm 
*4 IM Mrluk Aim*. *4 Hail* 
Muti A MtHiti it twie.iuu 

» 1 U IM Mi. Ha tmiUH « 
ItHtlr. HtUi 
4 CM vot Hull* ItMUp’ 

MUC tflll KFTKt K. *n 

f *. KFt. 1.1 t., 1999 



it? 9*rU44' f t *. i. Hut*, ml 
3. t. t*.'p4 trie* 

*ffHi Flf t*f*r*4l 1* AM I m 
4? H*\m*F , Mrtl** 

3. Cf KtXXK P TM VO) 

Hi. *T • . 9* 9 A 05 , ifvi 



fc5 FniitU artef e*ef*ni!«« if 
Hll. Nunli**. A HU . He*. 
H* MhlH «4 tlMU. Hll*t 

7Kt FmtuiM Ttfvtift* 

IKK tHUi avmt m, #y 

t • tm. l i t. . 1954 



iaa a«i, a. t. t»i p. i. ai«4Mf 

*9rtw Flf Ht|*r*!<« Mm Hk 
Met*) Hftrttt* A* I U h h I 
mufi if Met fc»*»itc% 

m. 3 . n» i mia* 

M. S ft 3)#^9T, »*5A 

lK lr**, Otrlrt t. 

*K Hu t -4 t* AM Hun Flf 
(hcttyl CkVetlrtM) U •* t/4**- 
imi(* if VwiH Kr«lf*lk 
/ « arete** m&cm ' t 
HI f, ff. M>IK, t.4) 



v* , rrm r. 

>J*<* t« v* hum tuui* 

M9K *HUt I PtPW 

Ht. 95, H. 4S K* a, t/94 



1H bltp.fl 

*T4rUl |* p«r 

K.4-404 *f Fl 44{<4 tr 4 M 4 l **!0 
.M K natfi 
HI IN f 9 \ h# 



40* 0*44 It 1*4 4k Htl FtaikO F1449 
HIU H ifr*tl if Hwrlru Ml 
Ml. U nepiaiiM no HU . Ml. 
Hrt CfHtilM *4 hHU. MM 

Hii t«anrr f 

FAUt tHUt MfTKt m. )M 

• Hfli if l i t. apniM lfM 

Ki ttm* Mmu* kwmi Kkitta 
•f Hr. aih* i/ Hunt Muu 

kti * I* teepmilei HO 

fmt. f#*A . ef U*4*r1«t 
teHKlil to«an^ TtAoUff* 

mak tom nrmt ao. to# 

li. a>i a i v , i #54 

N8 !Ure»ltu« 44 Hlf# Nru K AM 
5 Iff UHkU# tMtttM 14 UU f U V 
IIM 1)0 Hi). S4 NkttvH to 
l*KU Hattl 
Htt Ftamei^ t»Nni)* 

f*ik FHifa unci tb. F#a 
a*, hu a » o , a«un i«*- 



156 



1 



90) feMrti, t. M. 

*«4HralUr»1 Soil! V 11 U 1 
thjuilltiH, P*.f SO. 1/5 



<10 HoM, Fruit R. 

"totlal *M Upl Ioftlleatloti of 
Ors*»li VuU 
OCKRXT SCIDKI 

Hi. 5 H. ), t u, Aat.*vu. 1/5 



<u 



'ttlltUIn Mport, Mila ul Aftftllat 
Hit* Ml frvvr*, Dim loo of Viur 
Mil; ial HiUlloc Coolrol* 

Mue nan w.ici 

V.l. t*M- >. I V., U\J 1, ly6) . 

Ml )0, 19 a 



*U /nfelii, I. I. 

"ft* CoaftoalMot of fcrv* 4 « a lla 
NUiUil In 11 1 tourti of !■* 
fait rial «iur • H-wm of l*Ur ti 
IIM 17 , hrl ».* 

c*#arrrr ud irww 

hi. 50 , n Mji.y, d «. 15, 196 ? 



991 .’frJlcl, A. ■ 

Tr»1a Ultra & llrti- 

HIIuIIom" 

Hporti of fpof. c* Af*ll»d On 

soe. cf onH, iatustat, van a 
HI . ft*, |. No. I/a 

f?f* O^rrloOt, V. t., / t> HrVAiFil, 

• M C. A. H|»l 

*0*1 Hr I ItwHMoi*- Mini , 

Artiruisi* 

«m *mt 1 vajtw n*o 

<■ 50 . hi. 196 A 

997 HlWcai, rahorAl 

'Nmr^i <* of Cl If 

HfiM oM ll/taMI* 
i. *AJ. DU, MV 

1)0 UmNu, 4om|A V. 

Air 9oll«lto« Coikrul Ji RyotMpal 

lKtunUM* 

/. 09 All KAX. cot, ASSOC , 

HI. U fto. 9, ». HA, Srpl. 1/* 



11 ) Imrau t. ft. lit Intlli I. D 7 I 11 

*0trVi4«, Nurpm nl Min' 

/. Wl 

HI. >, H. 5. If. *75*^9*, H 7 196J 

111 M^W. Hurt ft. 

*4«1« nmn 17 Ml HI title* 

f rat CntlCAl DOM 

H,H. it. 1965 

915 Mr, 9m«. M. Ml I la C. 0*71 r 
'Qmmu of **var Mfi; mi viii«. 
Mir MifttaoT 

vi li 1 tom, a. r. 

1*5 

lit Memitui m aioif« mimmi 
C valtUi m Smrap Ml Imfl 

'Mfum la tlalto ftirpoowl la Ua 
Nrim frat Otlatof 1. 1W U 
ki I 960 , Tnarai* H|*rt 

/. mi. now. Mi. 

frocomiat* of At. Mot. Ctnl H«n. 

*9, n u*5i, mm i$v 

lit Hoo1«, Low! a 

'Unam HtVa Hoolraail 

cnacAt md. 
tt> no, Hi it, 196 ) 

Hi blnm, Mlf 

Vfc*llat«M U mrairtl I hnlifam' 
/. VW 

I HT. Hr* 196) 

Ilf Uftoall, <Wrlaa I. 

'lafotrlil Mill i *ol*« 4 *i Ctotarr** 
IIM am til It tail «•* 

A rut MUftlM 00. 1951, 196 ) 

WO Mitt, I. 

Mra'l m* MmAMInl 
totfooa of Vi»w»* 

Mil am jouMmi 

». Ill, fen I, 196 ) 

HI Orooo, I. k am » *. Uai 

*NrtlfwUt* Ciomai Nil, HAia 
am lb ala* 

1 tat ftc*n*» to. rr . 1959 
0p*4fVi t tmmartU CWaalauy SarWt 



tti 



9m, v t. am ft* >■ ortffn 

‘«M\ HHV* 

1 . mm nu Rfe.m. 

Hi. )t M i, ». lit, M. t9$h 



wj Mif, ■ ha 

Saiadtii am Haa m li# Am* 

mmui *va am 

Hi. 1 ) ft* 1 , t ;i, M A 



1)1 CaattlUi oa NNta Mipcoat. AHA 
Nuattlfwl Vrm MiiomI, ANA* 
Aaiiar© HyMaMm ftrojaM let 
Wft. AWJI. tOTKI. CM ra 7 a, 111. 
Ul. of Coat. Cot Cart 00MT151. 
19<1 

9P Htort of a WO bpart Com'.XUt 
*Ht 1 maw tal CMa«* am M* 
iihlK| tar*' la ea ValU* 

VWO fart. Mft. ftartu H W 
tMfl, 1961 

1)1 Hal, I. am /. ft. r*»i 
'MlaajilUlc VI rvi t» Ami» 

telnet 

HI. 90, H. I))). ft. Hfl.im 

• )A Hfort of • *!*> t#ft#rt CotaltUa 
"Hrt nth UI t>alU A‘f*ati of 
Matrotolliaa llaMlat am 
tunley n l* 

He*. Hft. Sr rlai H ?9T, 1 ^ 

1)5 Hlaoar, Mi ft 

*HVwliit a| tti fttlta 

cibq cal mo 

hi. $9 h» u, n i 6 ) iai. 

Mi 11, 196? 

I ) 6 fmtnal flail at mifflill' 

ftt ooino 

». 99T, Mj )l. 196) 

I)? *H<ort frf*a folaral ft*T*Ha**ta 
la V 11 U Ooatfol* 

Dotrtvtn trni-Mnm 

99 ft?*?!. ArtU fe. 

1)0 *Coaa^lat lrc*!*t . fool SlUtlea 
Main u cauia. Hat fitAara HlA* 
Bcrtrnw imt-MctM 
w 119*150, Afrtl T, I960 

in HUar, da rlai A. I Mur HVftaa 
"fttapoaal of flail at fee* HiUa 
91. htttHil of ftiatim Hot Hava 
So lot teal ait Otoaa 

fumo 

HI. 10 Me. 1 t ft. m. Mlf 1*5) 

H 1 taU, «. 9. am 9. I. Hrai 
'CekfnUlra am Httoiaalc 
fret* rtli 1 of KMrIM Nal 
Amt, t. 6 aaft. of f\f A lai 

/. Am cm. 

ft. 505, Hv. 15, 1965 

ftl ImtaiH Of Aril HiUI ft Hurt* 

KiMm-ttAtmct ftcMi, Afvwa. 

cm mfct, it. At. 500 
ftmi ct Arm 

9- 00, 1951 



9fft Imra, I. I. 

"Hmnrn ut Maura Mr wmi im 
Tltat Haftaai A Cut fciWf* 
nil ft mm fdw 

9 . rto. Hi \** 

Ml tlaft, km a, at al 

*fi«ot MMtai. tl. Cowooa am 
fttforto* 

Mnmai * um» 

9- It. 1901 

W« feartraft, * A. 

Httofi if Mi am ft* ftifriil' 
rfenifwi tmrm 

M I), 9 . TO. 



Itf Kara, Jurat ft- ft A. tnratt ftroM* 

*Y4Hirt**trla h^*a tea Mtlrant 
Mini of Hfoctlera of fenaralHl 
Carrot* U float Halat* 
futm 

Hi. p H. I, ft. WPS, H) 1^9 
It) 

ruu*» 

Hi. jA ft. 1 , (ft; 1*9 

ft* ‘nnif* h*M fiart err dm 

Hit* ia locator* 

mac* i ftifdfito 

Hi. 09 Mr. If, ft 90 , /rat II. iff 



ill 

✓a*. 

fAT 

rtS 

f<9 

?50 

P51 

• W 

15) 

P51 

155 

<50 

P5T 

150 

<59 

MO 

p£l 



13? 




^©A ©RK" WAl COfY * tfSt 

VVAUlftir M TIME TUMrn 



|/4a, A. C. 

‘Ooolc-l flaat VaiU fmUni 
\ f Taa MUo!i* 

j. wm sou. cot. rw. 

HI. )7, to. 11, ft. U56, Ht. 1965 

iaiaiMavra, Lftol I- 

tmuiUJal Van ' Tniloait* 

O^jfiv-MU too* 00. ttC., I. T. 

f I rat tJItloo. 19V 

Ktaaitrawr , A a* 

“Osawl r* 1 H«o«wl of AM frtra 
I'titmur t/riuMU 

/. vans sou. cct. n&. 

H? . )? f 11, ft- 1507, »ov. iw 

lart, Ho^l A. A Harrla I. Hroar 
*U*oo*i for lira aVocl Haora' 

j. vms rou. cot, fn> 

HI. )T, Ac. II. ft. 15 ■ v* 1965 

McCoH, ftrottar 4. am Irta«fal4ar, V.V. 
*Ualo|l r Al Haatoaal of S**«a am 
im*Mrlal VaiUi, HI. II* AaaaroMa 
HpiltM am ftollla U««lf. 

Itpraltca, 1950* 

junmout muaih cow. 1950 

Larvia*. H. Araoll 
'ftinlavmti la AJwdt* trooHaat 
am Htftoaal at Uti Iftftii U4«« 

Vo© 1 , M|lam 
/. vans sou. oot. rti. 

HI. IT M. 6, ft. 67S, 1965 

Vor rvy , Hlioo Loona rft 

*Haarlaa ul fraatl.ral of 
IoIhiIH at vaiU Trtaloaak* 

iDMAct-vmn rvft. 00 . 11 c. 

196 ) 

Cwlattt, Joaaji R. 

*fraat*ail tf Cyaitla am CArctla 
AMI 9 alia* Vntaa* 
fU Tl» 

ft. 5*5, /*« 1/5 
Oraala/, Sararal A. 

*CrU*rla far KiMtipil InlnraUn 
... Ha DMlMr'i Vivo* 
urjuJricaL Dr ransiiQ 
ft. 10Pt, ft a. 1950 

5vul flaivMm filin' 

mu fftoowss 

HI. 0) ft*. I, ft. I5T, Hft 190) 

*11 ^ MtanUn CckWiUm af 
OtMlral SmIIwii AIM follatlcra 
froilao* 

/. a*. **. or uwicanct mm. 

*» H H »C, ft. )71, Oct. 196k 

9»rur, C.C. am 9rM f. ft.ftMft 
'tnilani of 9ift*r R1H **•!•• it 
lladnlnl HUatlet hall’ 

ttoue. ft m. ciMfif, 

hi. tf H 1 , ». 1 op, fa*. 1950 

natet, 4 ftl 

*fra HUrtHt HroUttm* 

owe Cal m 

ft. 111. Hft JO, 1961 

autr, C A u. a. ftliaW 
Hui fituaiat Hal* ftHK .Uoa* 

cffooi m. h em 
H. 55 feb. 5, ft. ?), H< 1959 

*tl*tli ti o* la rati at tllta 9a root 
n, in caavli 
ctfoom woitmifto 
HI. |» H. 1, ftf kC*tf 
Ha. t. 190) 

ftatilft. ft- ft- 

*vnra hra* Hi a a Hr* of 
HoftMta Halt Haftoal* 
ctHAi wnmmtm 
ft. 90, Ha fft, 15 * 

*forlw©a!oa faktlaa tft ht»i Hitai 
U(«ll Halt* Mi n fa Ml Hat 
fira* a Man l*H*t a ter tar©, la 
fa©. Man©* rtorjialm Art ft! 
titnn lit* 

ctfracat mmm m 

ft. v, cm. 1959 

"fTtraai Hf Mr© 9frlWl»F» frti 
f»©1V fool Hfvot hlaa* 

Owc^ftl aft? «ft;rfttJ9t«3 ftH? 

Hi. »j fc‘». ra i**5« 

.Hi <5. 1/0 



r 



<*) Vitlwitle** 

CW*OC*L AID DK3HUKII0 IM 

HI- *| k. I, f- )1 

a#*. *), iy* 

^ M!ni frobn* 

oukicai a ad ouiicond acvi 

Vol. If Ao l«, p*. JA* J) 

Aprfl fo, 1*1 

?*/) Vnilrlli Unit tow li Vtit 

cnm riib* 

CSWtCAt All DOlrtOiR) IM 
HI. 9 k. 1), p. Tl 
April fO, Y/* 

Z<*> **AM CMUf l ll U «o4rp VllUl Cwlt 
NflOol Wort AiAjI lnm« MfNiU 
ChUH It Col 0)4 r* 1*4 UjM>7 

vtiui t* I u p h*‘ 

CSVICAl AID dqiheu*} 

HI. W k. )!, ». 16-IT 

1$ t»«HNr IW 

8*7 Noon, V. Alin trl N.l. PUHptr 
*ktnk Trorii U 1M Anolj«li 
•f fofntrlil MUi* 

ajuuttcai ciDOtrrr 
hi. rt k. u, rt isififci 

Hr. Itt* 

^ Mnn, Mol Mi l.liMi 
|U I. LltAll 

‘PpittKprtpMe Aoiljolo of Air- 
MH Sm|i 

i. wArtu ?oa. ooi. n®. 

HI. # k. 6, pf. TVN7)* 

M 1*A 

t69 9 nm», Km N. 

‘CnInJ Of Co* kir Hot** 
to SltU tiro* 
a . nm fou. %•: m. 

HI. JA ( k. IA, pf. mMll» 

Hf. l*f 

A 70 Mlir. Clt«M k. t*4 
Arooll I. flk«nHr« 

*UnUMtoUN of NirtlM 
loHitry viiKi it 0 m4 nUr* 

A. nm roa. cop . rtt>. 

HI. * k. U, pp. Ufe'lHT 
Hr. ip^ 

in Ho, I. 7. I t. P. kiuru 

*A*««rrAlt IKlUUlN of Ufill 
kltitrt Hillllity Hiin* 

A. mm 7CU. COP. m. 

HI. J* k. 10, Pf. 1 01 M0P9 , 

HI. I*f 

9V krrli, A. Co no II •%* 
vtlur A. **v*r , At. 

*fhi In of Utorpttoo for t>* 

A>m l of tMlotf eiLtf-kiliUit 

klWUiU frat HlU HUro* 

A. mt, 

Ho. * k. 3, f. I*, HM l*f 
Ml CUrtt, B.I.i 1 lift, tl tl 

*tPti hunt ttrvMi: ko rtt , 

Hrwl «tl , ooA H%o«o*lllt/ It 
Hott Hitr* 

A. WK» 

HI. * k. |, *. ftp, %h» IpH 

CcNNlttr# M hf«l» tellKllM 

iNflem Nlllt Vorlt Pitcrlille* 
"ttfit* Cel Ik t loo fr^ttlet" 
WMCM mile RDM l JL<&TlAtr<K 
MM 

M frtMlt, Ml rt L. 

*CVir%t umilM of MoU Pi oil 
ftMillM H«Ut 
A. PKC 

Hi. * k. 3, P. W, kK» 199 

f7) krftt, VI HIM A. 

V»miki Hitt kttrk It too 
dNlttl ioMtt) . M r 
Crtani imtim t» t i 
HI. CP *>*, Hpt. IJM 

Hcnt of tM |i. 9MIIC IrtlU 

Hnlrt 

Nftl* Hoot KlMl.o Cotlrol , 

Nrt A kplmti - At Nkitrtol 
f*iii Hm w v» Ctooitp t*Hm 
«p»w, iii ttssK* 
nrl Kt. PC. MS 
ft, 1*3 

IT? fro*i, Ifrtirt Nf]«l 

Of *Uf»tn HrM, 

It Sri Tl* 

p*. p. mm, ot:m«n or 

*;i*t*H, (pi 



ATft Pirf»o*«"*« U % o.¥. r ijnt 
*frtiUr,i i.f Hn^ry Vmui 
O ll*l P I i_o »Iii A 1 i*» 

% | 9 ) mwm 

P. ft | , J ** I A I 

AN It'd* tiliM rrA*tmi» 

eo Mr*vo f-.l 

Mi t'ii||* CWIrm* 
wnirn rr>.T*i rmim 
P. TVS. IU|,«. i as 

?ft> !)**♦. *,rrj P. 

*r.t>rfl»P '*» If* frrtlA»ol Oft 
Ho**4»\ rf l»Vi«t*lll »iil,l. 

J) r«rlflf|lt'« rf T«v> 0 f 7 0t*'>** 
n/PlJ': mu./* murui •<>. if* 1 ) 
m» 

i"K| taowi, Mrr) I, 

“A*.^l*l n* T,,lUornl irl 
*-t >M.j*lrtl1 »li!*l. 

I) NrlflrtlW r,t Cnwry ftiui 
riMIC PAAITV PtOi/TH P0. 1f?y 
IV1 

fV 0* 14, Wtlt P 

if Tm'ont kiwi for 
llt'OS*,^A»|, 0A4 

*Ml*»| IP: t»N, k Hpofi 
tUlW. PilUltl 10-IK* 
rr>. tm>. m.» Aimn 
pj. 17, mi* . cp rm. 

I9M 

kti, P. f. 

*f04p Vr|| fltpeiil Of PylOO 

Villi 

cupocit oiiiitsin r>^o*pv5 

k*. Ac k. lo, Pf. H M 

HI. 1^1 

ah ‘HiHrUt MlitlN liwfm" 
Ifftrtii I perl 
P.P. m. tH, Hf. c# MW 
ftttu i roa o a rrcoi, *»!<* i* 
AlUiH, HtrtU, Hr. 1 />) 

P0| poil^r, VIII1M A, 

*Vl«n |M tf 1M 

kill mu Pi ipootl 

PrrOlM* 

Nncrtrfp* . ih rtmkmt t*J. 

tw ctnp . iMrirnt poui **m» 

Mspont. PuPUnrii Pt citt. Of 
• itr^iwo, pp M, Pc*. I, i*i 

/M P-^t, Cnlolr I. 

‘UrlMnltN 

narrmw • )ri iinrwwi hi. 

m ct«p. rtvicmi pfiii tisrw 

Mrfnott. p^usvtp it wnt. cf 
nrrnvo, pt- ps i h, kt. %, t*i 

AfT k’tit, kroll I. 

*f Itttlip ktlelptl faoK%U«| 
fltflHUl* 

Hrnwftj . )r| PttT'HHJi HI. 
tn. cc«f , ifjpTcmt rui *A<rts 

r. tftlf. Of 

tITTKPJl, p. II, M. I, 1*1 

ft H**%1, 1(11*1 J. 

’P* fe'mu* of fNpNlht 
lu«r«i|oi HfoOi* 
tPxvtH** • |r. nmpw »j. 
rm cch. puvicihi map 

PAUStn It «rs*. OP 

nnMm, h 17 )7, ko. I, l*i 

Ak f toot < klpft tPl M Wtiw 
‘iwlNfVIfl HI lltfntltN 
HfiOt Htfctol fr^llM* 

m. per. or am »ii«t>j* 

Hi. k k. %TI, M w 

rv k«litry V* ktHfTft U*. 

kit. #5o. Hltf., W liftloo, HI. 

*ll*t«\lftlW rf WrtlOl Of 

our. mn«» Pea. <xp. pcp» 
HKi kt. k. r, H. tl, Cf. Tt-k 
1*9 

HI tlMO, t. W. Oil 0. f. k*ltr 
‘Mmnii Ml I k P ifNH* 
f*PCC. ntt. *M. BNP#. 

HI. 1^, Ir. It, I *f 

HP *M HlNfitM NoIni Utl k*9* 
miwiij fn vjctit 
p*. tT-VP, HI. II. MM 

M 3 ktftti, Hn i* fe. 

Hot Air Col Till** Pratt* 

Hrcimms, in. ctm. rt in 

Himt k*. ilk t*.| 
m k n Jfc-M, im 



t« 



;*A Mi *, **mi t. 

Vll fl*l Air fnllollrjO fr> 40 

IfUAll* 

NnriAl IPl’:, NT. *7 IT. *>■ 

At! NI/'TM, A »A- >0, 
nr. k •*,s. ,a , |* ll, 1*0 

MIHIM, P.Jf 

*!.-»>llir ill Ms/Mrlial rVxrt »i 
rt Air IrlliUo*!* 
pcsrc?rii*>t, pin. r^. r* aia 

C'UJlKlr. P I. 

n<* » . f/%, rr i v no, i 

f*« Crli^it, P. roiu*, m ti 
*Irf i*'rlH f^urdi of Air 
fp! 1 a, It o (|) ftimjiji Hfln«rl»t* 
rt*x-rJttPr>, i*n. cr-w. ct aia 

COLLimOP, P *. ia.^n, lyya 

PM k. fr^S, ( 7 . no II*., iwy 

Hf ko*M*kll, Arlo A. im 
V. L OtHm 
*tolot«rlt1 lo rtn of Air 
Cellill'm tltrlrle lo*r 
llttlt (Hi M Cl i Iwrli)* 
nott/M pyi, iun. pop? . op ah 
wwrit. R*. »*-.*«, jyy* 
k. #,SI, rt. n*>.iss, iy.| 

f* ©rultf. Aru>*r A. 

*loH»ir1t1 Wrtrt of Mr 
HlUlloo (I) Itrelrlc Mtr 
PltlU (Cool IWI) 

raocDMpTp, mi. crm. cm pin 

roLutnnp, vo*. 

m k. cm, n i))-iai, i^p 



H? ViTtl, kfJMl f. 

*fol«ilritl k«r(M of Air 
CrlNtlno (A) k^tllMrtUtl* 

rvrmjpis, pan. crm. cm aia 

Poui/nov, po*. ift-po, i*K 
P»3 k. Ajt, It. IAI I6A, m* 

Oritti* rp , krtt rl 

Hnl 1 1 # Of* ff Hctfrlt It U* 
Jt**tryo*%nl IU|* of (4« 
Wo*r>p‘ 

an. A. tvnrira rh». i mim 

til. K H 19^3 

n ni/iirifi, A(*it v. h 
i r. • m 

‘liUnilitlaiil) of *il4r H 
krMltt I|loe*ft« lr*Hlm to 
ktet MflJfl Irr-kttlot It 
toil llfrHNl* 

an. A. of rrcficAi pt». » mitt 

hi. K, it- 1*1 

*V *,♦. tMI l.e. HtliV. 

*tp|OcH N**t to rewit Ifrin: 
t IP Chn iof lr*»o*lioo* 

i»irr« w» a. 

p. 9P, km A, |*0p 
*ci tint, t. 

*flt»A •• CPrrUrt of 1M ftrlllN 

nrw 
ff. o>. a. 

n mo.)l, HI. It, l*0N 

left kel, Croocli klrolf 

*Hpt.iiO*lt m IM Hrrtoto of 
tiltitlMl IrctMc* of kt %p fil*i 
AN. A. mitt 

HI. I k P. ft 1)1-7, ||t, 

1SH), krrft l«?l 

jo kn, ktrtrt e. 

’lrVftf«ei ti TiUliNtiM Nl 
rf 

f*rimr*Ul tvntimrp rvt«<. 

(tu } ( ry*. jor% 

hi. h, k. i), pp. t, p, tv, 

H *. i*H 

rt itMot, t. kroll 

*krHl*» ry htHiinU Of 
tifKlteK kro^t Ir*>ref9p‘ 

IN A, tiro KOI *WKTH 
Ht. 13, ft MW), M)3 

jot <kN-*riin f a* r. iot 

Mm t . imi 

‘UVltl/f* t*4H«(4V«l 

1M A*:» <f PlH V Ui !i 04 
t-trP/Mlft rf ftiM-* t%4 
*M54n k«fot kp*mir 

m. A. ft formi wt. i tttmi 

hi. I. pt. i«-ift, i*) 

JCN kit ti, P. HtrlH 1. 

Ar.. »ivii «. Ir*l 
ill fOrliitoo 

>mt tt PftilV.O Him rf 
ko*r*Krt «f ♦ H4p|?o> 

IflHtl to Htti* 
ff. A. HtTfil H®. A vH'rtVt 
HP. A, It. Htk l*> 




JO? |«ur. V* 9 . 

'Atorlcto Uumt U 
bUnoloO* 

J. HCUWMIJ ITWOIMI 

*<*. 6, rt- *M». M. JflJ 



*r>vklui It Ui tf 

e*rtloo*«oW I«ur4 fro* Ci< of 
to o< Mmtvti* 

MU. ACAMKI or aci. 

JW Ml. 7*9, I960 



JK T*oMyo, I. 

'bjiriKtU] AmMiiU tft Nil 
tlU CjkU if Imi Ctrrlin «rlU 
(ijHtil bfmtci U t M«>1« 

H* ehto l m UoolM* 

ah, j. mttcAi wrtcm 

til. 19, r»- l?!-*, IVMto, 1999 

m Ndtoo, mil t«r»4o« 

’th« H\t tf Ut biimlr Nl It 
Trtfletl DUhh' 
mt. /. ncrtou ttwctr* 
t*i. n, rt tf5*)o, i<*t 

Jlf fwtllif, I. L iaJ 

r. c. »i«hort 

'MttrlWUe* tM Kotlt tf 8 cm 
riHil tf teotcoti lijerUad' 

$. ttxmxi: i Mwum 

w. n. rt roi*t. i*& 

JU NeiUMU, AillU 

*toMn*1rt ul toeuri tf Hifw’ 
t, ttccicm. ktv. ifnim* 
rt- i, t-*, 15 - 6 , (5*9. cA*. in. 
W 

ill fttUit, I. I. 

*Cotro*ll*4i C«*ttir7 tti petti oM 
bilMtilM tf Onputi ifiiiii* 

• I 0. KHOQMrt feo. 1956 

rt. I9-f?. iMli 199*99 

315 #r*|tot, 1 . t*. 

'loll Aur*}' Itl lily U flrol^ito 
It tf.i tic* (trwdilit Win»t 
llllli (Arorltt- IrMlUo)* 

caw mu tmmuxn 

w. 90 , rt- **!•>«, 1958 

Jl6 Ayr**, f. «. 

'Owltil ia Molftflrol 

IttlKi Ift feel* 

t<*A Hill l»tt. IttSt 19 V 

JIT *tM«r f tw<mi 1. Ul 
ft*** « ii<f f fr. 

*fn*«ll hm am u« Mi 
fjUH 11 MllNM* a 
m lAtCtT w. 11 for I 9 OP 
tf. l*«-90, I ♦. £9, 1909 

JIG CM*, C. I. 

'fcMllllll Ul M»tl« >1(11417* 
<*COe) UTrt, I|J8 

J19 CM*, tf. »M t C. Natl 
*C1U1M HfAtlVlKt* 
MUAtlMi, l*« 

** £**• «• 

ItMtU AM MlHH *f Hit 

muwiut r. luxtmi i «■ 

I CO. • 195 

VI %»*• • Sit, f. 

*ti» IjmlirtJ 8liAr#o;i* 

U*o*, 19J9 



V9 Ht rail 111 , H. ul ft. fete* 

'low l.'Htlf »f U« XrdulM 
M TrtJMl 1 1 lot tf l>« fitUnU 
KtllWi V* Hiei doHillti 
(WjtrlMtUl it«4/)* 

ten com itsnrm) wtoiom 
to turn 

Vtl. IS, tf. ?S?-»5, **9 9 966 

195) 

))0 Plttrt, T.K. aM f. L. IcrtfiU 
*tlnl ul MdiUilil fiftiilMi 
•f %i' 

urrwoorr , ;m 

J)1 * EttroU PUptttl fir Aral Anti 

»M 8*4 11 fotMjtlltii* 

V0*lb ItALTf CHmlUriCO 
Matt. At. J9. 195 ® 

)V Still, C. Uric* 

Aiptcli tf lit 
frUMlntM tf Whim’ 

(toot) ouon in tort, iarx* 

Bttftcr NO., » T., l9Jt 

))) iayort Ctatliui m 

6**(lal!««j £*fe*4 Arperl 

voalc turn ctcAti r>nc* 

rw IT, 195* 

J9 t»r»rt CotllUi m bdratnUI 
Btjiuitot 1 Mr* Hoyert 
vow* nun CH^nunc# 

fM H. V, Afrtl 196A 

))5 NAir, M., CtrMlUt I. Mitt, 
fertot I. thrll, * M.Coeli; 
*9Kil tf IM tfcllM mill t« 
VUilat u Cl itt 14 Ia Hu* 

*. rooctac t rr*. 
t.l. tf, » 51 , I9)T 

JJS frrtti c t. 

'rij-v>rM tyrktii fi**r am In 
CMlftl tl AehcttUU 
tutuc n»ii» 

»tl. rt rr- 6A-T), 91) 

)Jf OstnUi-UU, 8.»., r. f. Illtt 
AM V. r. BMU 

VlutfUl UVsMUrt J*ftt9lM tf 
liri min *m tit firwt of t%. 
Uttl UetjfciltUi* 

ah. f. mcrtcu kw*. 4 rroiirt 
»ol. s, I 1C*T, 195T 

j>8 *«tu, n*rr 1 . 

'fiftrlwiul fmntiiia tf 
Nlirrtlt if MA Mitt* 

m f. tx#:m rrtr.nn 
tpi. ji, r- i?5i 

J99 Ottr, Ami 

*lVt tictmiiAi htmii of 
SoaUtrt Afrttt* 

8CVT1 WT1CAI 1. CU*. rt. 

N. 5-J, t- 15S, Sf\. 1951 



Vt W*u. 1. I., 9. ftrftrMM, *.|. Mir 
‘BiUnMUii N*iMtrlM tM 
tiiitrtiiUi fiutfi*' 
ftrtt 0T»t. ftt. 196? 

J?J tl4U#t Nyrrl 

"IM tf Nitltlfel* 

rt», rtrrnm tmet 19s) 

(U*J-*15*) 

rj.Hrtt t/ioj, ha* 15. 19SJ 

V* %» Prt. I 

*%* »tfl« frtUM tf 
rtHWHAflUl »!?4ftrtCAf (» HAM) 

IM 

JC"5 Nft, 8 9, f t, H/ui At* 

I T. t 

*» NUffttll {Art). 

NtUiii IM HlMM 8MI4« tt 
*U4r-HWalH MU* 

Trvttcn wrm imia 

Irt. fjl tf N|tt l^l, rt tl T9- 1^ 
196f 

Ntfvr, b*f7 C. 

*imi:»»r4u' 

1 >c 

V? hr*», ti \ m «% r . 

“t** 9r*i* »ly S It! 8 UMfl 
•t Mc-m fultt* 

1^. trm. m: «if, m. mini 
Ml. MS 19 1*1 



JM lutl, M AM f t Hrlh 

'ftnntUtti et r . Odum of 
*14 truitlnlM tf fllfrf Ay flll(* 
J. miM u (ruxt 8ort..j) 
ft 3-19 * ) rnu., 1911 



)M frier. Unlit I. 

Klf^lelNp of 

HrtUl* fftiul fntt* 

A 9 . f. mt 9 t (UrtATW. fl .) 
M. SO, f9. nr-SU, lf5* 



JV 



Aft1or»*ki, f t., t f. OtUnltr, 
t.t.K Njlw 

‘U \llrwl tf t ou Ufmlet M 
i» ouaint !y>*!t»ri4» N|t- 
lyit m iiutiAtii n ix itfitiitt 

1 * CAl^tt’ 

uJtrt 



9 ?5*. 1961 



JIJ room, flirt f., /r. lint 9. 
llmefir, fiifnl I, Mim 
'U iwtfiraii It o,4 9tiul (mu' 

nr DDun #. n>. 

NS *T 3 , n 95? SA, IIP) 



JU » »>;, .V4I *. 

“a%itr-9cnt Uftrilevt 

mni rro*i*9 

Hi. rtl, * . 11, 1959 



JlJ DviUma, OonJot K. 

"MilrlMl Icjt *M of 

KcAlo^totrwl Oroiglciui In Nam 
iM (HAor AjImIi ollA rj-totn 
Nftnifi it Cona.ii" 

CARA MU J. FUNIC AULTl 
»M. 9), r k ^’. 195* 

JVS MHiU, Jf WjH c. 

'Mill AM Olltmltnoi f HuTlM 
AahUHi iMti ml fer-ilnoit 1 lie 
l* Hltronllli" 

CARA M AIT f. ?n-U«3T 

Ul. *W5), (f- IV63 

J^T Villi, t*M, H riot M . IlltlM, 

8jtt.nl C. Mellriot, TUtitl i.tvrt^i 
'AJtoriU Air NDkUoIi I* h* 

Ci Uioi* 

j. Atr rcu. cc*. aw*. 

tel . 15 <1o). It. V.T-Ul, J p) 

|AR 1*1#, Uaa 8. 

*A r-*|«tll'« tf nr L.nrtl frcul.K* 

lien fr* Mi 

Ejiltn* 

AM. IVKiC VOWS UPCC. iwun 
1*5 

}Sf vovmi, r. t. 

*friJM©lo<7 ‘ * fr*rt9*!*1tf I* 

Ul tM lull on of amo« 1 Morono* 

J . ah. nrcMivn nrv. a^wjC. 

re>l. rr- 1550 - 5 , 1*5 

J5o 'PiiiMil C Aj\t*«l Otl*U or Cotton 
lo V 0 IM Anl**l I It Us« Ur l It J 
llllli 

t.^UC AUIW mfict, 9.8. MTT. rtw 
AllihU >crgl«. Ccrttilcot-U Rlllll 
CriUr, At*, lysj 

151 fun of TitVstUcroo 

Dublin 1*0- l*A* 

V.8. t#7t. KfV, 

Morin CtoUr, froltlo* Inurt, 
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APPENDIX A: RESEARCH 
recommendations 

Table A-l is a summary list of research topics discussed in succeeding pages of 
this appendix. Some are quite specific and deal with problems which can be clearly 
defined. Others are nebulous or sufficiently complex that no easy solution can be visu- 
alized. In any case, it is an imposing list because of the wide range shown. It may be 
best to consider the various research topics as ‘a shopping list 1 for scientists and engineers 
who are interested in the field of solid wastes and public health. It would seem that 
almost everyone could find a research area which might benefit from his attention. 

The list may also be considered as comprising a set of recommendations for future 
research and development work on recognized, real-life problems facing the country today. 
As such, the various research topics can serve as a guide for formulating and funding 
specific projects. A deficiency in the list is created by the fact that there was not time 
available to develop criteria necessary to permit assigning a priority to each topic. 

A discussion of the material on which the list is based follows Table A-l 

Table A-l 

RESEARCH TOFICS (REPRESENTATIVE) 



Systems Aspects 

System analysis of solid waste management, including disease 
Solid waste management criteria 

Formulation of a clear objective of solid waste-disease control measures 
Criteria and methods for measuring success of a system 
Consequences of failure of parts or all of a solid waste management system 
Requirements analysis for monitoring system 

New analytic procedures for identification and measurement of components, including microflora 
(monitoring) 

Methods for rapid screening of solid waste components for toxicity and disease potential 
Information storage and retrieval system for solid wastes 

Mathematical model of urban-rural interface emphasizing diseases and solid wastes 



Chemicals (see section on diseases associated with chemical wastes: Recommendations) 

Chemical factors in solid waste leading to disease (epidemiologic studies to identify hazards) 
Toxicology of components of solid waste 

Study of leaching and migration of chemical species through soil 

Study of chemical contamination of soil by specific problem compounds (e.g., heavy metals, ni- 
trates) 

Study of waste contamination of air 



( continued ) 



literature survey 
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Table A*1 ( continued ) 



Chemicals 

Wavs of using land disposal of wastes without affecting ground water quality (e.g., in landfills or 
gasoff) 

Methods for tracing sources of chemical pollution 



Microbiological Disease Agents and Disease Processes 

Survivability and growth of mycotic disease agents in conjunction with sites of avian manure 
disposal; evaluation at potential hazards of using such areas for parks, etc.; migration of 
bacteria and viruses through soil from leached solid wastes 
Methods for more rapid detection of pathogens 

Survival and transmission of pathogens in solid wastes; treatment methods and factors effecting 
destruction 

Occupational hazards study in sanitation and agricultural workers from waste handling 
Role of solid waste in transmission of viruses into ground water 
Effects of various treatment methods on virus removal from wastes 
Mechanism of sludge-virus complex formation 

Investigation into the bacteriocidal nature of seawater and survival of pathogens in seawater 
Study on dispersal of solid wastes in the ocean and their possible relation to disease in marine 
organisms and in man 

Interruption of cycles of zoonotic diseases, animal-to-animal and animal-to man 
Epidemiology of diseases having potential association with solid wastes 
Vector control 

Ecology of waste disposal sites in relation to fauna, flora, and disease agents 



Waste Management 

New concepts for isolating solid wastes from the environment 
Solid waste management problems of small communities 
Solid waste treatment system for communities of less than 10,000 
New concepts for garbage disposal 

Research into improved methods of treatment of specialized waste* 
New uses for sludges and specialized wastes 
Individual household treatment units 



Education 

See Recommendations under the various sections in disease 



Safety 

Disease spectrum of sanitation workers in comparison with general population 
Accident causes among sanitation workers 

Waste- handling hazards among other than sanitation personnel (agriculture, injury, households) 
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general considerations 

this portion of the repcrt is concerned with a review of existing and past re- 
search activities relating solid wastes to public health problems, and with recommenda- 
tions and conclusions for future research efforts. It is hoped that the organization of the 
material has permitted a logical and meaningful presentation of the more important areas 
needing attention. The level of effort devoted to this section did not permit a uniform 
breakdown to specific needed research projects; some of the work proposed for future 
includes additional surveys, literature reviews, and analyses to identify other specific re- 
search tasks. 

Gilbertson 749 cites the fact that solid waste disposal has long been a neglected area 
of research as evidenced by the small amount of funds made available to workers in the 
field. Review of the literature makes this apparent — especially in the field of solid 
waste/public health interface. Since solid waste management is such an extraordinarily 
complex problem, systematic technical and socioeconomic approaches will be required to 
gain and maintain control of the undertaking. To date, no adequate inputs have been 
developed for a definitive systems analysis, and much research will be required before 
progress can be made in this area. Not only are health hazards difficult to establish in 
many cases, but goals have been stated only in general te ms. These goals must be con- 
verted into waste management criteria and related to control of health hazards. In this 
respect, it is interesting to note 237 that the need for criteria has been recognized in a 
recommendation for the development of an integrated program of waste management in 
a new community. 

Some general statements about research in solid waste/public health relationships 
deserve mention. The public health problems are more severe in the smaller communities 
than in large urban areas. There is thus a real need for a complete study of environ- 
mental sanitation on a national scale . 662 Furthermore, a great deal of information is in 
the literature. Considerable information is available about how to solve many of the 
problems. Whaf is required is research on how to apply what is already known . 661 

An inescapable conclusion reached in the literature review is that some form of 
systematic information gathering activity in solid waste technology should be continued; 
perhaps an annual annotated bibliography, up-dating previous years, would be in order. 
This activity should be broadened to include aspects not encompassed in the current 
project. 



systems analysis 

systems analysis has been used extensively by government agencies and industry 
in choosing among alternative approaches to various complex problems. In genera 1 , the 
techniques are used to deal with problems in which it is desirable to minimize or maximize 
an objective which is subject to requirements or constraints. The logic of systems analysis 
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allows an ordering of the total problem, the incorporation of nontechnical factors, and 
the presentation of alternatives to the decision-makers in clear and unambiguous terms. 
A clear Jay presentation of the subject of systems analysis, and how it may be applied to 
complex problems, has been published. 713 

The recognized complexity of the overall waste management problem, now, and in 
years to come, led to consideration of the use of systems analysis techniques in develop- 
ing solutions to the waste management problem in the State of California. In an initial 
study 736 it was concluded that perhaps the only successful approach to waste manage- 
ment would be through the avenue of systems analysis. Lynn 647 discussed the use of 
systems analysis in solid waste problems. He pointed out that solutions based on systems 
analysis provided sound bases for reaching decisions. 

Supporting the contention that systems analysis has an important role to play in 
solid waste management, is a project being supported jointly by the State of California 
Department of Public Health, and the Solid Wastes Program of the U.S. Public Health 
Service. This study (contract no. 15100), being conducted by Aerojet-General Cor- 
poration, involves the systems approach to the solution of the solid waste problems in 
Fresno, California, and is considered a demonstration program. 

The lack of analytical data makes it clear that there is a need for research to obtain 
data to be used as input for systems analysis. One result of the systems analysis approach 
is the identification of fruitful areas of research and development. 

Certain important aspects of systems analysis stand out, about which comment 
should be made. Vhese relate to system evaluation and offer several important areas of 
needed research. System evaluation has been stated to consist of four steps: 664 

1) Formulation of the objective 

2) Identification of the proper criteria to be used in measuring success 

3) Determ: ration and explanation of the degree of success 

4) Recommendations for further program activity. 

Each step is, of course, extremely important, and much could be written about 
each one and the need for investigations. Concerning the first step, it is necessary to 
decide, in terms of public health, the goal to be reached according to some time frame. 
This is a complex problem; insofar as the available literature is concerned, it has not been 
adequately considered from a systems viewpoint. 

The identificat'on of the proper criteria is, if anything, more complex than the 
first — mainly because of the myriad of constraints which exist. These constraints also 
have an influence on a practical objective. Costs, public interest, political, social and 
economic considerations, technological limitations — these and other factors all influence 
criteria, as well as the objective. 
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The third step offers fairly clean-cut areas for specific research tasks in identifying 
products (organisms or chemicals) which ere undesirable, and in developing techniques 
for quantitatively determining them, The possibility of developing a rapid screening 
method for potentially hazardous waste materials has been suggested . 218 Other sugges- 
tions include a systematic monitoring system for pesticides to detect incipient prob- 
lems, ***. aas a method for evaluating the performance of an incinerator , 285 new analytical 
procedures for measuring industrial wastes, 267 and metnods for detecting and measuring 
microflora. 33 The foregoing is not an exhaustive list, but demonstrates the type of re- 
search recommended in the literature. 

The last step mentioned above would receive attention after operational syste, is 
were available. 

Very little other evidence of direct application of systems analysis to waste man- 
agement was found in the literature surveyed. There were found, however, indications 
that more organizations are considering the value of a systems approach, and of developing 
some of the data required as input for such analyses. 749 The need for mathematical 
models has been recognized in the context of a systems analysis approach to urban plan- 
ning. 234 The advantages of an optimized system are also discussed. The stated need for 
planned management of natural resources as a total system 615 implies the use of the 
techniques being discussed. Engineering parametric studies are also desirable . 145 

It is believed that the main contribution of the systems analysis approach to solid 
waste-public health relationships may be in the development of criteria and in identifying 
interface problem areas, such as is being done in the Fresno project mentioned earlier. 
Furthermore, such analysis should be one concerned with the total solid waste manage- 
ment problem of which one part is that concerned with public health. Thus, it is recom- 
mended that in a systems analysis program dealing with solid waste management, full 
recognition of the public health aspects be included. 



disease agents and solid wastes 

disease agents, as used here, fall into two categories: chemical agents and bio- 
logical agents. T! ere is a continuing need in both categories to catalog specific agents 
and components of solid wastes which may offer potential hazards because of the changing 
nature of solid wastes over a period of years. 

Chemical Agents 

Research on chemical wastes has been concerned mainly with identiiying etiologic 
agents, factors involved in dispersion of agents, and prevention of dispersion. It is 
through chemicals that the greatest interfaces exist between solid wastes and pollution 
of soil, water, and air. Various investigations have demonstrated specific problems which 
may be directly related to solid wastes. They are important to the present discussion be- 
cause they point out certain research needs. 



literature survey 



153 



Thus, infant methemoglobinemia has been cited as being caused by polluted water 
(wells) contaminated from solid wastes. *”■ 353 A need for further study to permit verifi- 
cation and development of comprehensive preventive measures is required, as are investiga- 
tions of other factors influencing the occurrence of the disease. 353 

There have been several investigations concerned with the importance of leaching 
in landfills in polluting groundwaters. It has been stated that if a landfill does not inter- 
cept ground water, no impairment of water supplies will occur. 473 Pollution will occur in 
the immediate vicinity if there is contact. Apparently, leached inorganic materials pose 
more of a problem than organic wastes because they tend to migrate farther. 416 * 576 
Ground water pollution sources are difficult to trace and may ruin an aquifer for years, or 
permanently. 430 This potentic.1 indicates a real need to examine solid waste disposal tech- 
niques and sites to assure that leaching will not produce public health problems. There 
are a number of investigations dealing with the topic of effects of solid waste disposal on 
water quality, but these efforts do not deal with specific disease or public health prob- 
lems. ,0 * ,os * 676 * 636 It is also in this area of concern that differences between liquid and 
solid wastes begin to disappear. The problem is one of water pollution — no matter 
what the sturce. Once the pollutant is in the water, it may never be known whether it 
entered th< water originally as liquid or as solid waste. 

Land areas suitable for sanitary landfill are becoming more and more difficult to 
find. Research has been recommended to find ways to use abandoned gravel pita and 
underground cavities without endangering the quality of ground water. * n * 47i * 6,36 

The types of information needed in the future to evaluate specific problems of land 
disposal and public health problems relate to a number of different disciplines. There is 
need for epidemiologic studies to identify public health problems 47 *- 634 Identification 
of potential hazardous waste components has already been mentioned. Ways of render- 
ing chemicals innocuous should be investigated, or easily degradable materials devel- 
oped. sos ** !47 * 357 Chemical reactions during migration in the soil may change the chemical 
species of concern ***• 4!e ; thus there is a need to investigate the ultimate fate and nature 
of materials leached from solid wastes. Factors influencing leaching and movement of 
compounds through soil need also to be studied. 659 An important area of concern is the 
determination of acceptable or tolerable levels of the myriad of materials which may escape 
into thu environment s,e * ***; new materials, about which little or nothing is known, are 
being introduced at a rapid rate and many contribute to solid wastes. 624 

Two types of r hemicals are of special concern: carcinogens and pesticides. Car- 
cinogens, arising in water supplies contaminated either from liquid or solid wastes, have 
received considerable attention. 44, 4< * 61 * ,s ** ,44 * s,# * ** 7 * 704 Specifically, the literature 

points out the requirement for studies of movement of carcinogenic materials through 
soils, “• 45 because of the conflicting nature of the data and lack of full definition of the 
problem. 

Aromatic hydrocarbons have been shown to be leached from macadam roads, and 
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also to occur in sewage sludge when treatment is incomplete . 3 Hueper points out that 
most proofs of carcinogenesis in humans are limited to occupational exposures but that 
there is most probably a general population exposure of unknown magnitude. 387 Other 
reports *'• 67 - 79 substantiate this claim in one way or another and give emphasis to the 
urgent need for comprehensive chemical, experimental, and epidemiologic studies to de- 
termine actual hazards. 

Pesticides may find their way into solid wastes by three principal routes: con- 
tainers containing pesticides , 15 in food wastes , 383 and by direct application to wastes to 
control pests. 209 Once in the wastes, they are subjected to leaching as are other com- 
pounds. Although there is little or no medical evidence that adverso effects have occurred, 
there is cause for concern, 364 • 3231 393 The Secretary of the Interior has been quoted 
as stating, "Not until we have a systematic monitoring scheme, designed to tell us how 
much of what is where, will we be able to detect incipient problems early enough to pre- 
vent damage.” 264 Additional investigations are needed to determine safe limits of life- 
time exposures to toxic materials, the nature of injuries if excessive amounts are absorbed, 
means for detecting subclinical effects, and therapeutic measures . 384 This particular 
reference is concerned primarily with pesticides in foods, but most of the discussion is 
equally applicable to solid wastes. Possible chemical changes in pesticide residues are 
also of interest, and there is a definite requiremc*.t <0, tester analytical methods and 
schemes for detection and identification. 

In a discussion concerning water quality and goiter , 14 additional studies are recom- 
mended on the nature of chemical pollutants and their physiological significance. By im- 
plication, the role of solid wastes should be included in such studies. From other re- 
ports ^ ,3a> 377 • 578 although they do not deal with solid wastes specifically, requirements 
can be derived from investigations of the role of solid wastes in other disease or nutri- 
tional problems involving trace elements. 

Insofar as air pollution by solid wastes is concerned, the main routes are via burn- 
ing or bacterial activity within a disposal site. Specific respiratory disease occurrence has 
been cited as due to burning in dumps, 4 347 but the evidence is circumstantial -- pointing 
up the need for more exhaustive investigations. The desirability of an impervious barrier 
in landfills to prevent escape of obnoxious gases has been discussed . 443 Few other spe- 
cific solid wastes -atmospheric-borne disease investigations have apparently been done, 
though air pollution by burning is widely recognized. 

Biological Agents 

Disease is not a result of simple contact between host and disease agent. Health 
and disease are results of complex interplay among many factors. Frequently, some or 
many of the factors are unknown. In many reports, the connection between a waste 
treatment process and disease is not mentioned; yet, implicit in selection of th° process 
is the knowledge (or hope) that "proper” treatment will decrease the numbet ...id inci- 
dence of disease organisms. Thus, much of the surveyed literature dealing with waste is 
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only indirectly concerned with disease. On the other hand, the medical literature deals in 
great detail with specific diseases, their diagnosis, causative agents, intermediate hosts, 
and therapy, but io rarely concerned with any solid waste aspects. 

Of primary concern (in regard to free biological agents of disease) is whether or not 
the method of disposal, or the products of treatment which arc to be used in agriculture 
or other industries, permit survival and transmission of disease organisms to humans, 
plants, or animals. 4,0 

An important factor at disposal sites is the possibility that organisms may migrate 
through the soil as a result of leaching and movement of ground water, and pollute water 
supplies. This process appears to be a more important problem for chemical contaminants 
(see the next section) than for organisms because of natural mortality and/or removal 
of viruses and cells by filtering processes. However, as early as 1927 E. coli was known to 
remain viable for 31 months in experimentally polluted ground water. 43 Later studies ***• 
478 provided data concerning movement of bacteria through soils and factors affecting it. 
There have been a few investigations which indicate that detergents affect movement of 
bacteria through soil. 237 This topic is one which should receive additional attention in 
research. 

Viruses are said to survive better in treated water than in polluted water. 11 This 
finding has been confirmed by Clarke et ai who found that viruses survive longer in rela- 
tively unpolluted waters, 18 whereas bacterial survival is directly related to pollution levels. 
This finding might prove to be the basis for an imaginative new approach to waste 
treatment. 

The sludge from various types of sewage treatment presents a solid waste problem 
of considerable mr^'nitude. 3,8 Sludge may be used directly in agriculture or in a process 
such as composting. In agricultural use of sludges, viable organisms may be carried to 
water supplies by surface runoff the pathogens may offer an occupational exposure 

to agriculture or sanitation workers, u - * n - W4 - 480 or may contaminate foodstuffs. 480 Be- 
cause of these potential problems, the study of pathogen survival and methods for assur- 
ing their destruction become important. 



Various studies 18 «• 33 *• •*»« 83 *'*- ««- 484 indicate that the activated sludge 

process removes a high percentage of pathogens but that the sludge must receive addi- 
tional treatment to be considered safe. Special sludges (e.g., sludge containing copper) 
may pose few problems as far as disease organisms are concerned m ; however, they may 
create a toxic hazard. This report and other sources 483 481 indicate that only heat-dried 
sludge may be considered free of biological disease agents. 

Research is needed in methods of economically dehydrating sludge, so that its 
fertilizer potential can be realized. 4,4 Additional information on removal of pathogens by 
various treatment processes is still required. *'• * Better methods for detection and enu- 
meration of pathogens are also needed. ** Other processes such as anaerobic biological 
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treatment 249 and lime softening 19 have been investigated as removers of pathogens. It is 
apparent from the literature that there is still opportunity for advances through research 
in the removal or destruction of pathogens in sludges. 

Farm manures are a source of transmission to man of some animal diseases *• ® 24 - 
42S ; one preventive suggestion found was to bum suspect manures. 425 There appears to be 
a need to evaluate further the magnitude of this problem and to develop simplified con* 
trol measures. Avian manures pose a special problem in histoplasmosis transmission (see 
section on fungus disease). Histoplasmosis is considered a ‘disease of nature’, localized to 
certain regions of the country and spread to humans from a reservoir in the soil. 826 The 
occurrence of the disease organisms has been correlated with avian or bat droppings. **• 
#9. in. m. »». « ». 603. 604 However, there is a question as to whether or not the organism 
can be supported within the avian body 804 ; it may be that soil enriched with manure pro- 
vides an appropriate ecologic niche for the organisms. 403 Histoplasmosis has been found 
to perei i. in manure-enriched soil for as long as three years, 826 and there are various 
theories as to how it is disseminated. Since it is unlikely that the disease agent can be 
eradicated, the only feasible method of control is through vaccination. 802 A skin test is 
currently in use for epidemiologic study, but a more refined tool is needed for adequate 
surveys. 804 

The literature on histoplasmosis, and other mycoses as well, shows the need for 
additional resrorch in certain areas related to solid wastes (for example, more thorough 
investigation ui the environmental conditions required for survival, persistence and growth, 
and methods for eradication). The true role of avian and bat manure needs to be de- 
termined. Since, in landfill disposal methods, the reclaimed area i.^y be later used for 
other purposes involving contact by humans, the persistence and movement of the fungi 
and subsequent hazards need also to be determined. 

Composting solid wastes, either singly or in various combinations, has been or is 
being done at various sites. Pertinent to the present discussion, however, is the potential 
hazard that compost may present to the public health. 

Colueke and Gotaas® 22 point out that the temperature produced in proper com- 
posting exceeds the thermal death points for common pathogens and parasites, and that 
no public health problem then exists. Many references recognize that the heat produced 
in composting, when properly carried out, may be expected to kill pathogenic bacteria, 
viruses, fungi, protozoan cysts, and helminth eggs. S71 - **• *'*• 842 652 There appears to be 
an occupational hazard to compost workers in adding night soil or sewage sludge. 1,4 *The 
same report indicates that improper composting produces a health hazard (Aies) almost 
as at a garbage dump. Suitable microbiologic tests must be performed to demon- 
strate that a given process of composting doe*, in fact, destroy undesirable organi '.us. 602 

Various studies have been concerned with survival or destruction of pathogenic 
or parasitic organisms in composting, and in developing ways to assure tlteir destruction. 
Thus, when Salmonella and Shigella organisms were not killed in a sawdust-sludge corn- 



id 



literature survey 



157 



post process, adding well-rotted barnyard manure resulted in higher temperatures which 
did destroy these organisms . 602 In windrow composting of refuse and sludge, on the other 
hand, additives had no effect . 604 

One of the advantages of composting is the avoidance of public health problems by 
disposing of special wastes. Thus, a disagreeable fly pioblem is avoided 626 by composting 
fruit processing wastes, as well as poultry and other animal manures. ,70> 612 

There are a few claims of exceptional value of composting in improving livestock 
growth , 652 and in controlling nematodes which attack potatoes and tomatoes , 606 perhaps 
by unknown antibiotics produced in compost. 

Extensive research in the field of composting, insofar as disease is concerned, does 
not appear to be needed. If the procedures are properly carried out, there appears to be 
little hazard. The problem seems to be primarily one of proper equipment design, train- 
ing operators in the efficient running of the plant, and reliable monitoring of the process. 
Studies of occupational exposures might be desirable if composting plants become eco- 
nomical in the United States and more such plants are built. Some rei>earch on methods 
of detecting and identifying pathogens might be profitable, as in other areas of waste 
management. 

Exceptional effects on growth of cattle through the feeding of compost materials 
are claimed. The evidence seems tenuous, but may warrant further investigation, par- 
ticularly of the possibility that production of antibiotics is involved. 

As an aside from disease, the problem in composting is to make it economical 
since this is the usual failing of the process. To this end, research to find uses for com- 
post appears to be most needed — a development that would help greatly in the overall 
solid waste management problem. 

Some consideration should be given to certain marine aspects of disposal of 
sludges. In using ocean disposal methods, it is important to dilute the wastes and dis- 
pose of them so that they do not return to shore. Research to grin an understanding of 
the action of waves, currents, and winds in the dispersion process is thus important . 1,9 In 
addition, there are a number of reports indicating that seawater apparently has bac- 
teriocidal properties ,26 - i7i - ***; research in this area is required. In addition. E. eoli may 
not be the indicator organism of choice in marine pollution studies because it does not 
survive well in seawater . 42 Fecal streptococci may prove superior, but proof is required. 

There are animal reservoirs of disease agents which can attack man. Some of these 
animals (e.g., the rat) are associated with solid wastes. Similarly, there may exist, in 
solid wastes, disease organisms which may be carried by arthropods (especially flies) to 
human beings. 

One way to reduce the disease hazard is to prevent vermin from utilizing solid 
waste* for either harborage or for nutrients (i.e., to control the environment). Landfill 
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operations (with or without compaction or shredding), disposal into sewers after grinding 
and subsequent sewage treatment, incineration, composting, and ocean disposal are com* 
monly used to keep refuse away from vermin. Any improvements in, or more widespread 
use of, these techniques may be expected to improve the public health. Among these 
might be listed better waste collection and transportation systems. 

Fly control has been recognized as a major problem relating to refuse and public 
health , 75 thus, research in this area may be expected to assume a high priority. In con- 
sidering controls from the solid waste point of view, there are several possible categories 
for research: 

1) Totally new concepts for garbage collection and disposal or treatment 

2) Better means of isolating garbage (e.g., better containers) 

3) More adequate pesticide application wherever wastes are stored (e.g., some ac- 
ceptable means of pesticide application or other treatment at the household 
level) 

4) Development of a continuing program of education of the public so that ade- 
quate procedures will be followed 

6) Improved methods of treatment of specialized wastes (e.g., manures, food- 
processing wastes). 

Much research has been conducted on various facets of zoonoses (animal diseases 
transmissible to man). This includes such items as descriptions of life cycles, host-dis- 
ease relationships, epidemiologic studies, and determinations of geographical limits oi par- 
ticular foci. In this work, however, very little reference is made to solid wastes. It has 
been noted that contact occurs between commensal rodents (which live in part on solid 
wastes) and wild (rural) rodents. ,6 *- 6T0 - 868 The cited reports deal with investiga- 

tions on plague. 

Stark and Miles 688 determined that when commensal and wild rat populations in- 
termingled, there was an interchange of fleas — suggesting that the plague could thus be 
ttansmitted from a wild population to the commensal one, with subsequent increased 
hazard to man. In their research these authors worked with eleven species of fleas and 
nine species of mammals, further indicating the complexity of the problem. Hartman el 
of.** also demonstrated the transfer of fleas from wild to domestic rodents. It has been 
stated l? * that an outbreak of plague in Los Angeles in 1924 was due to a transfer of the 
disease from ground squirrels to domestic rats. Several reports ,88 - tn - **• state or 
strongly imply the need to keep wild and commensal populations separated. The prob- 
lem is well described by Meyer 188 who points out that during urbanization of an area, 
there is a period of joint tenancy by humans and by wild and commensal rodents — • a 
situation theoretically conducive to the transmission of plague to humans. 

Since the contribution of solid wastes to potential disease transmission is not de- 
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fined, research is needed to develop models of the urbanization phenomenon (which in- 
clude the ecologic aspects of zoonoses and wastes) for later use in investigations of 
potential epidemic hazards. A number of suggestions for purely biological or medical in- 
vestigations into zoonoses are beyond the scope of this report in that they may be only 
remotely (or not at all) related to the role of solid wastes in public health problems. 

Although arthropods other than flies may act as carriers of disease organisms, flies 
by far overshadow the others. Because of this, the present discussion will be limited to 
flies, although it is possible that the same statements could apply to other arthropods 
(see sections on fly- and mosquito- borne disease). 

Although flies are seldom true intermediate hosts in a disease cycle , 72 they are re- 
sponsible for dispersal of pathogenic agents; they may be used as indicator organisms, 
reflecting the sanitation level of a community. 75> 88 The use of insecticides such as chlor- 
dane and ddt have proven only temporary measures for fly control since resistant 
strains of the insects arise . 75 The control of flies within a community requires such inti- 
mate intervention into the lives of residents that adequate methods for complete control 
have never been developed. Current practices (namely, education on how to handle 
garbage and on the importance of using tight containers for garbage) are unsatisfac- 
tory. 848 The use of garbage grinders — eliminating garbage storage and collection — 
appears to be the best present solution to the problem in residential areas. 

Flies, being the problem they are, receive continuing attention in studies relating 
to specific problems * * • '**■ 30 '- 39,1 644 and in more general treatments. * * • 75 - 77 Special 

note should be taken of the use of radioisotope-labeled flies in a study of dispersal in a 
metropolitan area 187 — one of the first field applications of radioisotopes. Studies have 
been carried out on the persistence of disease organisms in various stages of fly develop- 
ment. Larvae grown in contaminated media have been found to retain viable disease 
organisms through various stages of metamorphosis . ,M - 300 

Additional suggestions for research related to vectors are contained in the main 
sections of this report dealing with fly- and mosquito-bome disease. 
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APPENDIX B: SOLID WASTE 
SOURCES AND CONSTITUENTS 



Municipal Refuse 1,1 



Meant o/ treatment 



Source 


Waste 


Composition 


or disposal 


Households, restau* 
rants, institutions, 
store*, markets 111 


Garbage 111 


Wastes from preparation, cooking 
and s *rving of food; market 
wastes from handling, storage 
and sale of food 1,1 


Grinding, incineration, 
landfill, composting, 
hog feeding 1,1 




Rubbish 


Paper, cartons, boxes, barrels, 
wood, excelsior, tree branches, 
yard trimmings, wood furniture, 
bedding, dunnage, metals, tin 
cans, metal furniture, dirt, 
glass, crockery, minerals 1 * 1 


Silvage, incineration, 
landfill, composting, 
dumping 1,1 




Ashes 


Residue from fires 111 


Landfill, dumping **' 


Streets, sidewalks, 
alleys, vacant lota 


Street refuse 1,1 


Sweepings, dirt, leaves, catch 
basin dirt, contents of litter 
recepl/cles, bird excreta **' 


Incineration, landfill, 
dumping 1,1 




Dead animals 1,1 


Cats, dogs horses, cows, marine 
anlm Is, etc 111 


Incineration, rendering, 
explosive destruction 1,1 




Abandoned vehicles 111 


Unwanted cars and trucks left 
on public property 111 


Salvage, dumping 


Factories, power 
plants*" 


Industrial wastes b 111 


Food processing wastes, boiler 
house cinders, lumber scraps, 
metal scraps, shavings, etc. 1,1 


Incineration, landfill, 
salvage 


Urban renewal, ex- 
pressways* etc. 1,1 


Demolition wastes 1,1 


Lumber, pipes, brick masonry, 
asphaltic material and other 
construction materials from rated 
buildings and structures; bat 
guano, pigeon excreta * tx 


Incineration, landfill, 
dumping, salvage 1 1 


New construction, 
remodeling 1,1 


Construction wastes * M 


Scrap lumber, pipe, concrete, 
other construction materials 


Incineration, landfill, 
dumping, salvage 


Households, hotels, 
hospitals, Institutions, 
stores, industry 111 


Special wastes 1,1 


Harardous solids and liquids, 
explosives, pathologic wastes, 
radioactive wastes 1,1 


Incineration, landfill, 
burial, salvage 1,1 


Sewage treatment 
plants, lagoons, 
septic tanks #,t 


Sewage treatment 
residue *• |r| 


Solids from coarse screening 
and frit chambers, sludge 1,1 


Incineration, land* 
fill, composting, 
fertilising 111 



* See ' Fly Ash" under Waste Treatment Products for Chemical Composition. 
►See ' Industrial Wastes’* for detail characteristic* and composition. 

* See "Sludge" under Waste Treatment Product* for Chemical Composition. 
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Acriculturb Refuse 



Meant of treatment 



Source 


Waste 


Comporrf/on or disposal 


Farms, ranches. 
Jives took feeders, 
and growers t( * 


Refuse 


Same as Municipal Refuse Same as Municipal 

Refuse 


Farms, ranches, live 
stock feeders, and 
growers ,c * 


- Crop residue *** 


Cornstalks, tree pruning*, pea Plowed back into the 

vines, sugarcane stalks (bagasse), land, incineration, 
green drop, cull fruit, cull stock feed *°* 

vegetables, rice, barley, wheat and 
oats stubble, rice hulls. Fertl* 
lirer 4 and insecticide * residue l0 * 




Anlnal manure 1,4 
(Paunch manure) 


Lignaoeous and fibrous organic Ferliliier, composting*** 
144 matter, nitrogen, phosphorus. Stock feed 144 

potassium, 111 volatile acids, 
proteins, fats, carbohydrates *»* 




Poultry manure m 


Same as animal manure ««• Fertiliser, composting, 

lagooning 144 


iKDtmtAL Wastes 


Food and 
kindred product 
Industries ,w 


Fruit, vegetable 
and citrus 1,1 


Hull, rinds, core*. Screening, lagoon* 
seeds, vines, leaves, ing, soil absorption, 
tops, roots, trim* spray irrigation, 

mings, pulps, peel* reclamation 11 •• 
Ings, hyd rochloric 11 *• *• 1 

acid 1,1 (used In 
processing) 


Canning 


Cobs, shells, 
stalks, straw* 

n» 


High In suspended 
solids (liquid waste) 
colloidal and dis* 
solved organic 
matter » 4 * ** 


Vegetable oil 
refining 




' Still pitch" — Reclamation tl * 

tarry residue, fatty 
acids, sodium hy- 
droxide, trichd- 
ethylene 11 * 


Dairy »**• **> 


Dilutions of whole 
milk, separated 
milk, buttermilk 
and whey 


High in dissolved N, CaO. K t O, P t O r Aeration, trickling 

organic matter, Fe, Cl, SiO t ,n filter, activated 

mainly protein, fat, sludge 1,1 

and lactose la 



* See “Industrial WaM« n for characteristics. 
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Industrial Wastes (continued) 



Meant of treat • 



Source 


Watte 


Characteristic* 


Composition 


meat or ditposol 


Slaughtering of 
animals, rendering 
of bones and fata, 
residues in con* 
densates, grease 
and wash water 111 * 

Hi 


Manure, paunch 
manure, blood, 
flesh, fat particles, 
hair, bones, oil, 
grease rM 




N. NH,. NH,. NO,. 
U*Cl 


Reclamation, 
screening, trick* 
ling filters, 151 
chlorination 11 * 


Breweries 
and distil* 
lerie*«i.«i* 


Spent grain, spent 
hops, yeast, alka- 
Its, amyl alcohol, 
dissolved organic 
aolids containing 
nitrogen and fer* 
men tod starches 111 


High in dissolved 
organic sol Ids, con* 
talning nitrogen 
and fermented 
starches or their 
products **' 


Amyl alcohol 1,1 
(from processing) 


Recovery, centrifu- 
gation and evapora- 
tion, trickling filtra- 
tion, stock feeds, 111 
fertilizer 111 


Pharma* 
ceutical fM 


Microorganisms, 

organic 

chemicals 


High In suspended 
and dissolved or* 
ganic matter, 
including 
vitamins 11 ' 


Aniline, phenols 1,1 


Evaporation, In- 
cineration, stock 
feeds 111 


Textile mill 
products 111 


Textiles, l.e., 
cotton, wool, and 
silk 


Highly alkaline, 
colored, high BOD 
and temperature, 
high suspended 
solids sn.tw 


H f SO f .NaOH, anl* 
line chlorine 1,1 
Starch, malt, tin & 
Iron salts, dyes, 
bleach, fibers, 
minerals *** 


Neutralisation, pre- 
cipitation, trickling 
filtration, aeration, 
recovery 


Cooking of 
fibers, dicing 
of fabrics 1,1 




Same as textile 
mill products 


For complete list 
of chemicals used 
in textile Industry, 
see reference tr> 






Rayon, other 
man-made ma- 
terials, I s, Ac ri- 
lan, Dynel, Orion, 
Nylon, etc, 


Acidic, alkaline* 
Inorganic m 


Sulfides and poly* 
sulfides, colloidal 
sulfur, NaOH. 
H t SO t . ZnS0 4 , 
MCI, NaHSO t , 
H t S.CaSO/“; 
acrylonitrile, phe- 
nol, HNO t am- 

monia, adiponitrile, 
hexa methyl enedia- 
mine, sodium car- 
bonate, alcohols, 
ketones m 


Reclamation, neu- 
tralization trickling 
filtration, 1 ago fl- 
ing***' *»* 
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Industrial Wastes (continued) 



Meant of treat - 



Source 


Waite 


CAoracfemfic# 


Competition 


ment or disposal 


Laundry * 4i » 111 




High turbidity, 
and alka- 
linity M*tUl 


Spent soaps, syn- 
thetic detergents, 
bleaches, dirt and 
grease * 4 * 


Screening, precipi- 
tation, flotation, 
adsorption 2,1 


Lumber and 
wood products 
(forest, mills, 
factories) M >* *■*• 

ii«. it* 


Pulp and 
paper #l, » 1,1 


High or low pH; 
colored; high sus- 
pended, colloidal, 
and dissolved 
solids; inorganic 
filler* *** 


Sawmill usage Reclamation, In* 

(sawdust, shavings, cineration, soil 
wood chips), wood conditioning* *• 
flour 11 *; soda, sul- 
fide, sulfite* 41 




Organic, inor- 
ganic, toxic, sus- 
pended and 
dissolved solids 
of lignin, resins, 
soda, *\ah,fibc*, 
adhesives, ink, 
fats, soaps, 
tallow m 




Sodium lignate. Reclamation, 

sodium resinate, settling, lageoning, 

complex organo- biological treat- 

sulfur compounds, ment, aeration 

some fiber in t4 *» »** 

relatively dilute 
solutions , M sul- 
fites, *** me reap- 
tans, sulfides, disul- 
fides, sulfates, 
terpenes, carbohy- 
drates, CaO, SO t , 

N, PO, * 4 « 



Chemical plant* 


Toxic >>«•»• 


Acrylonitrile, ani- 


Reclamation, 


(general) 




line, f amyl alco- 


lagoonirig and all 






hol, carbon disul- 


other known 






fide, carbon tetra- 


met hods of 






chloride, chlorine, 
hydrogen cyanide, 
hydrochloric arid, 
phenol, sulfuric 
arid, toluene, 
xylene, dinit roben- 
serve, dimethyl sul- 
fate, ethylen% 
chlorohydrin, ben- 
ten*, metallic com- 
pound* of lead, 
arsenic and 
mercury*** 


treatment 141 



Fume* indict Anenic 

dust »*• 




* Most common ind troublesome (oiks. 
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Industrial Wastes (continued) 



A f cats ol treat • 



Source 


Watte 


Characteristics 


Composition 


ment or disposal 


Chemical plants 
(continued) 


Particulate 
clouds and 
dusts 411 




Mn, Va, Cd, Be, 
Fe, Zn.and their 
oxides** 1 






Weed killer uo 




2-4-D 150 


Sewage 430 




Cyanide 
waste 111 


Toxic to 
aquatic life 441 


Cyanides* 41 


Ponding 441 




P tastier synthetic 
resins 




Acrolein, acrylo- 
nitrile, formalde- 
hyde, phenols, 
trichlorethy- 
lene* 11 


Reclamation, 
incinera- 
tion 414 


Aircraft manu- 
facturing 
Industry 414 


Cd and Cr** 4 " 


Traces of 
metals 4?l 


Cd and Cr+ 4 * 474 


Leaching 

pita* 7 * 


Waste 

treatment 

plants 


Well -digested 
sludge 41,4 


Blackish, amor- 
phous, nonplastic 
material 401 


Mg, Ca, Zn, 

Cr, Sn, Mn, Fe, 
Cu, Pb 404 


Anaerobic de- 
composition of 
organic waste 
solids 494 


Petroleum 
industry 1,1 


Spent 

chemical 411 


Liquid wastes with 
oil, add and alka- 
line solutions, in- 
organic salts, or- 
ganic adds and 
phenols, etc. 4,1 


ciay*,H, so,. 


Streams 414 


Drilling 




Oil, brine, 
chemicals 144 


Sodium, caldum, 
tragnesium, chlo- 
rine, SO,, bro- 
mine 444 


Separation, 
evaporation, la- 
gooning 444 


Storage 


Muds, salt, oils, 
natural gas 111 






Separation, 
evaporation, la - 
gooning 444 


Distillation 111 


Acid sludges, 
miscellaneous 
oils 111 


Insoluble organk NajCO^. (NH^S, 

and inorganic salts, Na f S, sulfates, add 
sulfur compounds, sulfates, 11,8, 
sulfonk and nap- NaOII,NH ( OH, 
thenicadds, in- Ci(OH) t , 

soluble me reap tides, (NH^SO,, 
oil water emul- NH # C1, 

sions, soaps, waxy phenols 4,1 
emulsions, oxides cl 
metal, phenolic com- 
pounds 4:t * *" 


Settling, filtra- 
tion redamation, 
evaporation 444 



ERiC 
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Industrial Wastes ( continued ) 



Means of treat - 



Source 


Waste 


Characteristics 


Composition 


ment or disposal 


Treating - M 




See “Distilla- 
tion” 


See “Distilla- 
tion”; also lead, 
copper, calcium 251 


Reclamation, 
settling filtration, 
evaporation, 
neutralization 240 


Recovery 




See "Distilla- 
tion”; also organic 
esters 2 "°» 251 


See “Distilla- 
tion”; also 
iron 251 


See “Treating” 246 


Leather and 
leather prod- 
ucts 24n ' 23 1 


Tanneries 240 


Organic and inor- 
ganic, high BOD - 
lime sludge, hair, 
fleshing, tan liquor, 
bleach Liquor, 
salt, blood, dirt, 
chrome 240 


Chromium, sulfu- 
ric add, nitrogen, 
CaC0 3 , D 2 0 & , 

K fl, Fe 2b0 


Sedimentation, 
lagooning 246 

/ 


Energy pro- 
ducing in- 
dustry 223 - 

207. 240 

Pulverized coal- 
fired plants; stoker- 
fired, cyclone- 
fired plants; and 
wet- bottom 
pulverized coal- 
fired plants 


Fly-ash 113 


Hollow spheres of 
fused or partially 
fused silicate glass 
or as small solid 
spheres of fused 
silicates, iron ox- 
ides or silica, un- 
burned carbon and 
mineral 223 


Silicates, 
iron oxide, 
silica 223 


Sold for use in 
concrete, 223 
landfills, etc. 


Electrical 
industry 298 


Ash *»» 


Dust 


Silicates and 
alumninates of 
Fe, Cu, Mg with 
small percentages 
of Na, K 298 




Metal finishing 
industry 218 » 258 > 

242, 234, 435 


Pickling and 
washing 
liquors 218 


Toxic, waste 
waters 215 


Cu and Cu 
alloys 218 


Sewage 215 




Acid wastes 254 


Harmful to aquatic 
life, 254 salts of 
metals 258 * 242 * 254 * 

43d 


Cu, Ni, Zn, Cr, 

P e 258, 242, 

234, 23d 


Sewage 258 * 242 * 

254, 433 


Rubber and 
miscel. plastic 
products 251 


Rubber 281 


High BOD, odor, 
high suspended 
solid 3, variable pH, 
high chlorides 251 


Sulfuric acid, tri- 
chlorethylene, xy- 
lene, amyl alcohol, 
aniline benzene, 


Aeration, chlo- 
rination, sulfona* 
tion, biological 
treatment 251 



chromium formal- 
dehyde 2 * 5 
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Industrial Wastes (continued) 



Means ol treat- 



Source 


Waste 


Characteristics 


Composition 


ment or disposal 


Washing of latex; 
coagulated rubber; 
exuded impurities 
from crude rubber; 
rejects, cuttings, 
mold flashings, 
trims, excess ex- 
trusions 2ie - 2al 


Scraps from 
molding, extrusion, 
rejects, trimming 
and finishing 219 








Explosives 2 ®i 
Washing TNT and 
^uncotton for 
purification, 
washing and 
pickling of 
cartridges 1 > 




TNT, colored, acid, 
odorous, and con- 
tains organic acids 
and alcohol from 
powder and cotton, 
metals, acid, oils 
and soaps 251 


h 2 so 4 ,hno 3 , 

N0 2 S0 3 , picric 
acid, TNT 
isomers, copper, 
zinc, nitrogen, 
toluene 246 


Dilution, neu- 
tralization, lagoon- 
ing, flotation, 
precipitation, 
aeration, chlo- 
rination 251 


Phosphate and 
phosphorous 251 


Washing, screen- 
ing, floating 
rock, condenser 
bleed- off 251 


Clays, slimes, 
tallows, low 
pH, high sus- 
pended solids 251 


Phosphorous, 

silica, 

fluoride 


Settling, 
clarification 
(mechanical), la- 
gooning 251 


Fertilizers 






Nitrogen, phos- 
phorous, potassi- 
um, sulfuric acid, 
traces of other 
cbemicab 




Coke by-products 


Slag from ovens, 
ammonia still 
waste, spent acids 
and phenols 


Susptnded solids, 
volatile suspended 
solids, organic and 
NH 3 -N, phenol, 
cyanide, acids, 
alkalis 251 


Ammonia, ben- 
zene, H 2 S0 4 , 
phenol 276 * 251 


Discharged to 
sewers, dumped, 
incineration 276 


Industrial, not 
otherwise identi- 
fied 416, 295, 

200, 279 


Inorganic indus- 
trial waste or 
stabilization 416 


Metals and com- 
pounds thereof 416 


Na, K, Ca, chlo- 
rides, sulfates, 
bicarbonates, ni- 
trates, phosphates, 
fluorides, borates, 
chromates, etc* 416 






Metallic fumes 
and dust} 295 




Pb, Va, As, Be 
and compounds 
thereof 293 






Industrial 
wastes 200 


Mineral fines 200 


Chromates, heavy 
metals 200 


Underground 

aquifers 200 
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Industrial Wastes (continued) 
Source Waste 



Means of treat - 

Characteristics Composition ment or disposal 



. Laboratory Metallic ions, Landfill or 

wastes 479 phenolics, cya- dump 4 ™ 

nides, oils, syn- 
thetic fibers, phar- 
maceuticals, rubber 
chemicals 479 

Industrial wastes Toxic metals 235 Pb, Be 235 



Insecticides 



Washing and 
purification of 
products 231 



High organic mat Carbon, hydrogen, See Chemical 
ter, toxic, acidic 251 chlorine, carbon di- plants (general) 
Chlorinated hydro- sulfide, carbon 
carbons: tetrachloride 

toxaphene, ben- 
zene, hexa- 
chloride, DDT, 
aldrin, endrin, 
dieldrin, lindane, 
chlordane. meth- 
oxychlor, hepta- 
chtor 523 



Organic phosphor- 
ous compounds: 
parathion, 
Malathion, phos- 
drin, tetraethyl, 
pyrophosphate 323 

Other organic com- 
pounds 323 



Phosphorous, 
oxygen, carbon, 
hydrogen, carbon 
disulfide, carbon, 
tetrachloride 323 

Carbonates, din- 
itrophenols, or- 
ganic sulfur com- 
pounds, organic 
mercurials, rote- 
none, pyrethrum, 
nicotine, strych- 
nine 321 



Inorganic Copper sulfate, 

substances 323 arsenate of lead, 

compounds of chlo- 
rine and fluorine, 
zinc phosphide, 
thallium sulfate, 
sodium fluorace- 
tate 323 




191-082 0 - 68-12 



APPENDIX C: DESCRIPTOR GLOSSARY 



primary search descriptors 



FIRST ORDER 

Refuse 

Waste 




SECOND ORDER 


Ashes 


Litter 


Cinders 


Manures 


Compost 


Garbage 


Dirt 


Sewage 


Dust 


Sludge 


Garbage 

Junk 


Trash 



secondary search descriptors 

FIRST ORDER 

Disease Terminology 

Bacteria 
Bacteriology 
Disease 
Fungi 
Helminths 
Microbiology 
Moulds 

Disposal Terminology 

Collection 
Disposal 
Dump(s) 

Landfill(s) 

Host Terminology 

Animals (Other) 

Host(s) 



Parasites 

Pathogens 

Pathology 

Protozoa 

Rickettsia 

Viruses 



Processing 

Sites (Disposal, Treatment, etc.) 
Treatment 



Rats 

Rodents 
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Vector Terminology 
Arthropod(s) 
Entomology (Medical) 
Flees 

Flies (Fly) 

Lice (Louse) 

Safety Terminology 
Accident 
Frequency Rate 
Hazard(s) 

Injury 



Mosquitoes 
Tick (8) 
Vector 
Vermin 



Safety 

Sanitation Men 
Severity Rate 

Workers (Sanitation, Sewage 
Treatment Plant, etc.) 



General Health Terminology 


Epidemiology 


Preventive Medicine 


Environmental Health 


Public Health 


Health 


Sanitation, Sanitary 


Hygiene 


Sanitary Engineering 


Chemical Terms 


Carcinogens 


Pesticides 


Chemical (s) 


Poison (s) 


Insecticides 


Toxicology 


Intoxicants 


Toxins 


Miscellaneous Items 


Chlorination 


Incinerator (s) 


Components 


Irrigation 


Constituents 


Lagoon (s) 


Contamination 


Landfill (s) 


Decomposition 


Leaching 


Demolition 


Pond(s) 


Dump(s) 


Reclamation 


Fertilizer 


Soil 


Harbor (age) 


Utilization (use) 


Humus 


Wrecking 



SECOND ORDER 

Second-order descriptors in this category are included in the body of the glossary 
which follows. 



DESCRIPTOR GLOSSARY 



ABATK 0 T 
iiwroiM 
ABATTOIR M 0 IKKK 5 

Atoma rnvs 

AiaONTlOI 

AC AX) LOOT , K 1 D 1 CAI 

ACCILCtATXD 8 UFDGK DICKS TIOR 

ACCDtAMJ tfciur IRAKI 

accidotts 

ACRALHSTDS 

ACETIC ACID 

ACramACTt* fiTKIIS 

acid fm) 

acid calcium sui/in usuoi 1 
acid mn draijuos 

ACICLf A 3 T BACILU 

acidlpicatiob 

.•nmojainiLJ 

ACTlKWfCIS 

acti nacre ms 

Acniocfcosia 

act: vatic 

acvti 

ADAmnci 

additives 

A DOC VIRUS 
AMSTIOR 
AOQ 1 CTVRCS 
ADPDUL COPTDt 

Aceoraorrs 

ADVAJJCiS WASTI TUATH£RT 
AIDES AJCtm 
A icts a L 6 CT Ictus 
AICCS SOLtfCITAM 
asocs nuns 

ABLATIO* 

ASCBBS (MC) 

ABCSOL 6 

AJ91MTIC 

AOI 

ASK OKVT 
AOOCIt (A 3 IXCIES) 

Aenrrs 

AOCRKaTT (U 58 WCMT) 
AGAUTI 

MVJrjwcriCDis 

mmcuuum (At) 

Aincm 
All KJUrtlOl 
All iffimu 
AL r SIX ALLKIlvM 
A LCD MWCAU 
ALK*?L ( $ ) 



A LOU I 
ALKAU (I) 

ALKALI GDIS 
AUCAUK1 (JTY) 

ALKALOIDS 

Aim PDtDfl BULTCJUrD (ASS) 

ALf/PDf LAXTJS 

ALTXftlDK 

AUMIIA 

ALLMIIUM 

AKOAS 

AKDXAS1B 

AMD1CAI onxinous AID MUCOCUTAnoUS 
UlSUAAITASIS 

AHXRO ACID (Si 

AMIJRSAZO dyes 

AM I ROTA IA 20 LI 

*mc*u 

AXPUUMC^D 

AWJBOBIC 

AIATORIOSIS 

AXAUSXS 

AJUUrTJCAl PWDCiamW 

AJUUTTlCAl rtCHRIQJD, SCI AI4L3TICAL 
WCCIOUMS 

ARCHOCERCA 
AOnriCSTCHA CAA1JM 
ARCYLOSETOHA BKAllUDTI 
AlCYtBSTOKA CIYLAJICAM 
ARttlOSTCKA tUOBD*AL£ 

AIDUA5 

AAGI03TPCR3YLUS CAITCRCJCIO 

AJQOfDpeyS RCC 

AIXXAL 

ARCZJKIA 

ARCrailXS 

AROPUUS STD’EKMSI 
AMUUCITI 
AHKRAFOZOCJUolS 
A57KRAI 

AKTWAK BACILU 

urrKAjpORocD 

AMTIBODID 

A/mnonc iJeroiroRs 

unsD 

AJUIGEKIC OCMK'WXTS 

AATIGWICm 

AWDcrr 

Ajmseme 

UTS 

ATI SEPARATORS 

aiwbtic URCi 
AK>D«KUS runooujs 
Aionuuus 



AQUfcAfS CXHBUSTIOR 

xwrw 

amwxi 

AMO VI KUSIS 

ARCTIC 

ARIA 

amoi 

arid aria 

ARCMArC AMIRIS 
AROMATIC MRO COCOUIQB 
ARSniC 

ARC one TWOXXD* 

ARSDICAL DJIHIUCMA 
ARSDICAL IRTOXICATICH 
ARSOnoUS ACID 
ARSOtir :s arhtwim 

ARTtSIAR WTUR 
AmiCPOC (8) 

AmRospopxs 

ARTIFICIAL MEDINO SlVrTS 

ARTIFICIAL TOPSOIL 

ASBESTOS 

A^CARIS SOC5 

ASCARIASXS 

ASPECTS 

ACPEPiOlLLUS RISER 
ASFEPIOIUUS CTDCVII 
ASWXIAIXU 
ASTHMA 

IWO.PMWIC CCmAIiaAifTC 

AixPir.1 

ATTACH rill 

AJBK MS5UXJW JUU'LAV 

AtfSTRAUS 3R0UI 

AJIUMCBILI DCKA U 

IVIA> TPECXt p 

AYXAJiS 

A.W.T. 

BABOON 

BABY 

BACILLI 

BACILLUS CCU COKJSI8 
BACILLI nrSEfTIWAX (bllSA) 
BACILLI fARATTPaOSUS B - SCtt 
BACTERIA 

BACTERIA, WSOPUIUC 
BACTERIA, PATHOCDIC 
BACTERIA, SAPROIVYHC 
BACTERIA, TKEKCfinUC 

bacteriology (icalj 
BA cnwouDmoi (s) 
lAsisn 



kAMAOI 

bAKXJO 
BA1AJKI 
Bala in diocis 
BAU jrriDijH ecu 
bauro 

BAJDICOTA IUK3ALDI5I3 
Kama lari procks 
BAFXACLXS 
BAT 

Boiuxurrssus bacoti 

BURS 
BID BOOS 
BIDDIW 
BIST 
a situs 

t KAVld 

iDitai 

UXICL 

IDIZAITHRACDfE, 1, ?, >, 10 - 
DIMKVTL 

BKMZiTRIRE, 3, * 

BimilUK 

BdC 

BICCH&JCAl DECPArAHri 

ilOC^WICAL dioturbaxci 

BCD 

BOD REMOVAL 

HC LOGIC HtPJKESS 

BIOLOGIC LAW 

BIOLOGICAL 

Bic*j<icr 

BIoTIC 

BIRD 

HSoX 

BITES (iinw) 
bitjkjmois coal 

BLACK ASK 
BLACK UQUGR 
BLASTGKTCOSIS 
BLXACB UQU0R5 
B LUCRES (IK] 

BLDCKlPS 

BISOD 

BLOOD OTSCRAS1A5 
BLOOD_BUQC1IO ARTWOPOX 

bum rut 

BLuiaorru (rutJ 
Ben KIAl 
BORA ns 
boric acid 
I. cn BCROI 

BO ICR 



1 



i 
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BCARSU* 

BtRRSLIA *UT7 l>I 

botju» 

bUVlHI ARIMALR 

breast >nrim 

BREEPIRI 
BT IK'S 

BKHCjiML FJ". Tii'UAL ijli-t'PL*":' 

BRtiC.li.llS 

WUCCLU/'i* 

BO!h.t.:c ru i f 

dVr F»t* ? 

i l JiL^!,« X.*. 'Air 

ii' ?IiPS 

L^FYl.J . 'L.Ul, l-UPIED* 

BUSINESS 
JCICLER fiHCfC 
'■UTCKSfir* 

PUDfL AUM.K.L 
BT-tfMX/'ir: 

CA, RTE SAU1JH 
CEC, PRIPaRF.D AXIllO. 

CABLE TiXS 

CADAYTR PRXESJIHJ FLATIC 

CAXZ 

CaLCIUCATIOX 
CALCIUM 
CALCIUM OVIDS 
CAl/ (CALVES) 

CAU70PJTU 
CAixirorne 
CALUrROGA HA CELLAR IA 
CAMP ACTIO! 

CAJCGR 
CAjrzFiKLce 
cajte sugar 
cajtis iataaks 

CAR IS LLTVS 

capacity 

CAPIIiAKT 
CARBCtPf DfcATES 
CARBO* 

CARSO! DIOXIDE 
CARBO! D1SULFIC* 

CARBO! FILTER TiChIKUl 
CARBO! MOBOX1DC 

CARBoi summr 

CARSO! TTTRAQi WRI Df 

CARSomn 

CARCIBOOOIC AROMATIC WT»0CaR3C*S 

CARCIROOIRIC IRPRCT 



CARCI BOODL) 

CkRCIMjMa c» IHE HMlROjUL (JUM£ 

c<.rci»jma or Ttei ruuiu 
CaRcirjma or ms rim 

CrJUilUVr.sCUL R UiaV^fcS 
CJtlJMJ 

CvHklYuRUUo kjm.d 
C WHkf* 

C^k K.luu 
Cr'4 

C«VU1IC 

c„tsrars 

CnlTLf 

CAUSTIC 

C.VICt 

CAAIJUL XLOCPE A kkCEft^UTlS 

CUHR^L ELRCJXJ. IlCX-b-RRk 
kRCSRa^UTlS 

CIRAJUC RRuDUCTt. 

comuu^Tiok 

CWiRI/VJGC> <AL, 1*0/ 

C ERATO PUT LUIS ACVKJS 

CERAlOHRYLUfc PASO LATUS 

cruTopmaus suvaj(tikri 

eKRATW'LLUS SPEClfe. 

CKRJTJS CAMADCRSlS 

CESIUM 

CESSPOOLS 

CSSTODES 

CHAIR 

CHEESE 

CHtlAVtOH 

CBXaCAL («; 

lJ'XICAL Wuusm 

COD 

CHEMOPROPHYLAXIS 

CHEMOTHERAPEUTIC ACOfTS 

CHiorx 

CHICK Ol HOUSES 

CHIOS ERS 

CHILD (CHILDPX*) 

CH1LCMASTIX 
CHI MUTE 6) 

CK 10 RAMI EE 
CHLORAMPHENICOL 

CMtOKMjri 
CM LORI DCS 
CH LORI RATED 

CKLORXRATED EYCMXARBOI (S) 
CILORin (ATICl) 

cvLosmoi 

ClOtAXTSRian, PO- KXTVTt 
CXOLERA 

CHOLERA 1X7 ART J< 



CHOLESTERO 1 
CHROMA TB 

CHROMIC ACID 

CHROMIUM 

CKROlIC 

CHRTfSUCflA BKiZURA 
CILlAtl 

CITtm/S LAIXRAU5 TKSCURIM 
CITRUS CROP 
cm DUMPS 

CIVIL KWIlllEERIW CURCErti, 

CUMMER 

CLIMUHXSS 

CLETHPURUKYS liAPPKPI 

CLIMATE 

CLUOOR 

CLOOOl JO 

CLCR0BCHJ5 SI HEX. IS 
CLOSTRIDIA 

CLOSTRIDIUM PER/MJOHCS 
CWsTRlDlUM » SLCM 1 1 
CLOTH l HO 
CMC 

C:» ratio (carbor-iitrogsr ratio) 

CO, SEE CARBC I mcroxide 
CO,, lee C*RB>! dioxide 
CCAOUUTIC! 
coal 

COALFIELD pkuci 

coastal waters 
coast deer 
cobalt 

COBALT AREAS 
COBALT A AS Dll DE 
COCCI DIODES IJMTIS 
COCCI DIOIDOKYCOSIS 
COCHUOKYLA MAC I LIAR LA 
OKRuACHES, BROW* BAR LCD 
COCKROACHES, CDMA! 
cockroaches, OR I dual 
CQSJtlSTBbCt 

term 

COUFOfM 
COUfom IHDEX 
COUPOFM ORGAXISM3 

couns 

COUAOER FOIMATIC! 

COLLBCTIOl 

colloidal system 

COLIOIDB 

COLORIES 

COLORADO TICK FEVER 
COMBUSTOLI 
COMBUST. 0! 



CiJMPORT 

COMERSAL (1UM) 

COMMERCIAL M.jOHL 

C'RMirjTI (C AMUr/T K. ,, I Hjj 

0 jvnui rtELiHi 

CUM4UK LI DljM.bk CuHTHlL 

CAMLUTY Illku. ^ (UTMLPuUt.k 1.RE-J 

CiAP^CTIRJ 

C XlkllTl VE BIDDIR3 

cuouKkjrr rustic! 

ClMPLU URjr.l AW1.HI 

CJMKtoJTJOJi 

CoWVak (1X3/ 

CvMPRtSolO! 

CCKJVTkR 

COkCEHTTUnOI 

CORCRETE 

CORCURREXT ILLHESS 

COID»U£D MEAT 

CCROEXSATi 

CORDiriO! ( IRQ) 

tXRDUCnvi 

COJUSCTIOKERS 

COHFIIjXXAT 

CCEJUkCTIOIL'vL TLUID 

CtXJUkCTlOJUL SURFACE 

CORJUHCTIVlTIS 

anACi 

CgHTAInSRS 

COl.UTUaXW 

CgISTKAIKTS 

Ci'RwlRXI luH 

COASTRUCTIuH 

Cuk SUMER 

CtJKiCT rvEJUn^k 
CtnAIkEH 

Cu«TAMIIUJn (0 , aTMJ 
COHTROL 

CuRVALESCkXI CARRIER 

CoKVUHIRO 

CURVET AXCf 

COkVEY^RCI W m OCEAR 

CUJKa (lfrij 

CuffER 

rUPFES CY ABIDE 
CvPWHaDu!^ PESTUA. 
cu-siu 

COSt UJ, SEE ECCRCM1CS 
COTTOI-TAIL RARBIT 
COUGAR 

court 
courna 
coy SI EDS 
CCXSACXI1 VIRUS 



P@§R ©RIOIKAl COPY -BEST 
AVAlLABll AT TIME FILMED 
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cor on (•) 

C* AS 

CRAJ1 OPERA** 
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